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DETERMINATION OF COEFFICIENTS OF 
FRICTION OF SLIDING BEARINGS 

FOR BRIDGES 
BY THE DIVISION OF TESTS, BUREAU OF PUBLIC ROADS 

Reported by GEORGE W. DAVIS, Associate Engineer of Tests 

XPANSION and contraction in bridge superstruc- 
tures are generally provided for by means of bear- 

ings at one end which permit the structure to move 
longitudinally with respect to its supports. For the 
smaller structures, these bearings are frequently of the 
sliding type in which a metal sole plate, rigidly con- 
nected to the superstructure, slides on a metal bearing 
which is rigidly connected to the substructure. The 
efficiency of these sliding bearings in preventing tem- 
perature stresses in the superstructure and overturning 
forces in the supporting substructure is inversely pro- 
portional to the frictional forces developed between the 
moving parts of the bridge. 

As early as 1922 the Bureau of Public Roads, realiz- 
ing the paucity of reliable test. data as to the magnitude 
of these frictional forces, considered making an investi- 
gation. Some preliminary work was done in 1925 and 
in 1929 a more comprehensive series of tests was inaug- 
urated. This program of tests, after several interrup- 
tions, has finally been completed and is made the sub- 
ject of this report. 

The coefficient of friction for sliding bearing plates 
was determined under varying pressures comparable 
to those usually employed in bridge design. Lateral 
pressure to cause slip was applied slowly and uniformly 
and the amount of movement at each slip was such as 
to approximate closely that caused by temperature 
changes in the field 

In making these tests several variables were con- 
sidered, namely: 

1. Materials. 
2. Bearing pressures. 
3. Surface finishes. 
4. Direction of movement in relation to the direction 

in which the plates were finished. 
5. The effect of lubrication. 
6. The effect of rust. 

7. The effect of electrolytic action on unlike materials 
in contact in the presence of salt water or salt air. 

EFFECTS OF SEVERAL VARIABLES STUDIED IN INVESTIGATION 

A more detailed discussion of the consideration given 
these variables follows. 

1. Materials.—Fourteen different materials were used 
in these tests. 

Bronzes: 
Bronze A, A.S. T. M. Specification B22-21, class A. 
Bronze B, A.S. T. M. Specification B22- 21, class B. 4h 
Bronze C, A.S. T. M. Specification B22- 21, class C. 
Bronze D, A.S. T.M. Specification B22-21, class D. 
Phosphor bronze E, A.S.T.M. Specification B22- 

21, class A.} 
Phosphor bronze F, A.S.T.M. Specification B22- 

21-ClassiB2 

1 These materials as furnished were cold rolled and were classed by the manufacturer 
as ehosphar bronze. They actually contained less phosphorus than bronzes A, B, C, 
and D. 

107715—36——1 

Lead bronze 22 (approximately 22 percent lead). 
Lead bronze 17 (approximately 17 percent lead). 
Lead bronze 8 (approximately 8 percent lead). 

Steels: 
Cast steel, A.S.T.M. Specification A27-24, class 

B, medium grade. 
Rolled steel, A.S.T.M. Specification A7-29, 

structural steel. 
Stainless steel. 

Irons: 
Malleable, A. S. T. M. Specification A47-30. 
Cast, A.S.T. M. Specification A48—29, heavy cast- 

ings. 
The physical and chemical properties of these ma- 

terials are shown in table 1. 
2. Bearing pressures —Tests were made under unit 

bearing pressures of 250, 500, 750, and 1,000 pounds per 
square inch. 

3. Surface finishes —Six surface finishes were used on 
the test specimens. 

Planed finishes: 

P,.—A coarse-planed finish produced by using a 
round-nosed tool with a radius of 45 inch, 
at a rate of 45 cutting strokes per, “minute, 
with a lateral feed of 0. 018 inch per stroke, 
and taking a cut of %. inch. This pro- 
duced a somewhat coarse, striated finish. 

Py—A medium-planed finish ‘produced with the 
same tool at the same rate and taking the 
same cut as above but using a lateral feed 
of 0.009 inch per stroke. , This produced 
a medium smooth finish. 

P,—A smooth or fine-planed finish produced 
witb a flat-nosed tool % inch wide, used at 
a rate of 45 strokes per minute, with a 
lateral feed of \% inch per stroke, and 
taking a cut of 0.002 inch. 

Rolled or planished finish: 

R—Plates were finished as under P» with a flat- 
nosed tool and then rolled with a hardened 
steel roller % inch wide and 2% inches in 
diameter rigidly bolted to the head of the 
planer. The feed of this roller was 4 inch 
per stroke and the rate 26 strokes per 
minute. The roller, with its face set 0.005 
inch below the surface of the specimen, 
was fed in \%-inch increments once trans- 
versely across the specimen. During this 
passage of the roller across the test plate 
all portions of the surface were rolled 
twice longitudinally, once on the forward 
stroke and once on the reverse stroke of 
the planer head. The roller was then 
depressed an additional 0.005 inch and 

223 
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TABLE 1.—Chemical composition and physical characteristics of materials tested 

CHEMICAL COMPOSITION ! 

Bronzes Steel Tron 

A.8.'T. M. Specification B22-21 | Phosphor Lead bronzes Cast : bronze Y Rolled, Cast AL Soe Mi. ASTM Malleable, ’ 
| A27-24, "A729, — Stainless |A.S8.T.M_|A-S.T.M. 

A B Cc D E F 22 per- | 17 per- | 8 per- bape os structural AAT ae 
cent cent cent 

Oopper; percente2-------s----—— 79.45 81.95 80. 17 87. 43 89. 20 94. 30 70. 38 75. 70 82,00 osc eee | oe ee eto eo eee a hee eee | ee 
Tin; percent:>. . s22o5— tao eaene 19. 87 LLT 10. 66 10. 30 10. 55 5. 16 5, 36 4, 96 9:06) bBo oe Flee SS ee ee OS ee) ee 
ead, percent. <= Saasccenen anes 
ZANC SPOrCent sacks Seo ceee ea tease 
Tron: percent: 2. 22.— aaseaencere 
Phosphorus, percent 
All others, percent_ 
Carbon, percent_--- 
Sulphur, percent--- 
Manganese, percent..........--|=.-=-.-- 
Bilicon, Percents anes anos eae eee 
Ohromium percent 2... = aa ccaeee ee 
Nickel percent. fae eecseesaloeceusee 

PHYSICAL CHARACTERISTICS # 

Compression: 
Deformation limit, pounds 

per square inch____.._-_-- 30,610 |) 177530) ||' 11,'000: | 10; 640) 128,385 1°26, 910) |) 95430) 117,200) jie) SSO) ances eee | caer mae ace Bann | | 
Permanent set in 1 inch 
under 100,000 pounds per 
sdUare inches Tea conaas a 05:186:\|/-0; 490.4, 02378) 1 0.268.) 0! 124 |} sONTS5 1S 0.07 i+ 0154401 ie tS 20) ee eee Senet te eae | en gre | epee | 

Tension: 
Yield point, pounds per 

Ssquaretnch-so- ee (5) 19, 225 | 17,330 | 18,050 | 27,630 | 28,520 | 14,855 | 14,000 | 18, 335 40, 865 39, 230 |619,500-30,000 40, 330 seen eeeeeee 
Tensile strength, pounds : 

per square inch_.__-.----- 27,920 | 29, 590 | 18,460 | 28,820 | 77,740 | 67,660 | 21,250 | 21,000 | 36,670 69, 520 56, 700 |79, 000-93, 000 A9:500 a|- sees 
Elongation in 2 inches, per- 
COL ee ees eee 0 1.00 1.75 | 11.00 | 28.00 | 21.00 | 13.00} 10.00} 33.00 34. 00 35. 70 68. 0-70. 0 10017 |e a eee 

Reduction in area, percents oo- 2s. |e sees Ses noe ae alas sea ee | eee a ee eee ae ee ee ee 51500, /| eee eee POM eri) ate Chinn Oe one 2.257 
Transverse tests: 

Deflection under 2,000 
pound.load; inches... .222}2..4-22. ste s2eeasnc ne Soh Ssc5 | Se eon Se | Se ree ce a 0, 212 

Breaking load,, pounds... | -=-25,-2¢|-2s-S2ce seecncc cans sc alae pe aol mecca [reese re ee mee | a Ler [ce 2.97) 

i Chemical compositions shown are from analyses of materials used. 
2 All physical data for stainless steel obtained from manufacturer. 
3 Cracked at 90,070 pounds per square inch. 
4 Cracked at 97,800 pounds per square inch. 
5’ None apparent before rupture. 
6 Proportional limit. 

once more passed transversely across the 7. Electrolysis——The electrolytic action of stainless 
specimen and back again, thereby sub- | steel in contact with bronze and subjected to a salt 
jecting all portions of the surface of the | solution and salt air was investigated. 
test plate to four additional longitudinal | Table 2 gives a summary of the conditions under 
rollings. This finish removed practically | nich the tests were made 
all traces of the tool marks left by the 
planed finish. : 

C.R.—The cold-rolled finish as produced by the Sits ch gageade tae Bea rite Mie atomeconet 
manufacturer of the plates. | 

M—A milled finish produced by using a spiral The coefficients of friction of the various materials 
mill 4 inches in diameter, 5 inches long, | were determined by means of a special apparatus 
with a 25 degree angle, 10 teeth, and a | designed and built by the Bureau. This device was 
eee sore Pe at a. es used in conjunction with a universal testing machine 
Hees Ns revommons per minute, ® | and is shown schematically in figure 2. It consists 
ateral feed of 115 feet per minute, and a . uta : ; 

essentially of a hydraulic jack for applying horizontal Y%,-inch cut, this mill produced 2 : : 
ame Anish P ce ee thrust, a calibrated beam for measuring this thrust, and 

4. Direction of movement—Three variations in direc- | the necessary steel framework for holding the various 
tion of movement were used in these tests (fig. 1). parts and the test specimens in their proper relative 
M,—The direction of movement and the direction of | positions. Vertical loads or bearing pressures were 

finishing cuts of both plates were parallel. applied by means of the universal testing machine, 
M.—tThe directions of finishing cuts of both plates transmitted through two heavy car springs and a 

were parallel and the direction of movement | spherical bearing block. Two movable test plates, 
ee Se was at right angles to the | 4 by 4 by % inches, and two fixed plates, 4 by 4% by 
nishing cuts. i, aren : C ‘ P 

M;—The directions of the finishing cuts of the test bee sony Pe ehtetaclire ee LG aioe y] 7 t rig les. ; : 
plates were at right angles calibrated beam that served as a reaction for the 5. The effect of lubrication.—Selected combinations of ae : 

plates were tested both with and without lubrication. || bydraulic jack. The two movable plates were inset in 
6. Effect of rust—Cast iron specimens were exposed | the top and bottom of a cylindrical movable member, 

to weather until well rusted and then tested to determine | which was free to move under the thrust exerted by the 
the effect of rust. hydraulic jack. 
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Ania OF MOVEMENT ere OF FINISHING CUTS VERTICAL 

LOAD 

Ficurre 1.—RELATION oF DIRECTION OF MOVEMENT TO DIREC- 
TIONS OF FINISHING CuTS FOR BEARING PLATES TESTED. 

Taste 2.—Materials and finishes used, direction of movement, and oe JACK 
other test conditions 

FIXED PLATE 

MOVABLE PLATE aX VY, 

als 
g pel 

Combination of aus Direction of | §& 32 E E Ratecials Finishes used movement | 2 | 2 CYLINDRICAL 
B = . MOVABLE MEMBER 

a 4 
: CALIBRATED 
: * - : ed a UL a MOVABLE PLATE: CIIIK BEAM 

3 C Cc 1 |-- U 10 FIXED PLATE—?&& a of D 1) 2) 3) UL] 30 SQ 
6 A 6) hice sat gO 1 
df A D dU (eee fe ares | OF : WEIGHING TABLE 

ae S aby (a an : TESTING MACHINE 
Jo; © = rah egal eae ee 1 | Figure 2.—Scurmatic Drawing or Apparatus UsEp To 1 A (OMS 5 (epee me eet GL 6 ; 
2 B C.8. 1 eS Sy A 1 DETERMINE COEFFICIENT OF FRICTION. 
a) 0 Coa rp ae ae 1 

e " il pee i ee L 6 . . . . ° 

aa owe eg eae eee ; | indicated by the deflection of the calibrated beam. Since 
ee ae. pMtesedgr=tts 2 | the two fixed plates were % inch longer, in the direction 
ee. 8-8. 1|-.|-+| UL | 8 | of thrust, than the two movable plates, it was possible 
oe 0. 8.0). B. 8. a ee UL 6 | for slip to occur and still maintain full contact between 
21 iss R. 8. 1 2 |) Ue, 18 the faces 
2| M.I. MI. (ay ae PEER is? 4 . 
aes GE a lioil ae ee A The hydraulic jack was activated by a booster (a 
2 | 0.8. MT. 1 J----[----| 0 2 long-stroke, small-bore cylinder and piston) similar to 
a7 | ROS. MLE. Cod ened ae > | those used in pressure lubrication, the system being 
ant i icoe area aoe filled by ies ah Lapiehe Ri: ee pump. 
30 | P.B.E. L. B. 22 ie aie Danae 1 e use of the booster to apply the final pressure to 

mp P B: i ae & 2 . - . © SSS Ee ee pis Oe Pee 1 | cause slip allowed a steady pressure to be applied with- 
Re, eB. WN ape Coal ‘| out the pulsations usually caused by the strokes of a 
35 | L, B22 Sil. s i |-.--[-.--| U 1/ pump. ‘The interposition of the two heavy car springs 

es ‘ 4 RE between the head of the testing machine and the bear- 
ing blocks prevented oscillation of the beam of the 
testing machine during tests. 

Be ee to bat The deflection of the calibrated b d _2 Symbols apply to but 1. e deflection of the calibrated beam was measure 
; 1 xplai lows: . . 
ee ee ee by means of a micrometer dial graduated to Mooo9-inch 

A=Bronze A, A. 8. T. M. specification B22-21, class A. Wid WWwWicl j 1 1 Pane y AL6 1 Mt specification Baa 21 clase B. divisions, one division on the dial being equivalent to 
C=Bronze C, A. 8. T. M. specification B22-21, class C. 22 pounds of thrusting force. Inasmuch as the hori- 

-1.=VUast 1ron, A.S. 1. - Speciication 29, heavy. ® 

©: $.=Cast steel, A'S. 'F. M. specification A27-24, class B medium. zontal thrust measured by the calibrated beam was 
Re ple en koe a enliicntiog: Aer ae. forced to overcome the friction existing between the 
ee pareents contact faces of the two pairs of test plates under 
L. B. 8=Lead bronze 8 percent. known unit bearing pressures, the thrust applied to 
P. B. E.=Phosphor bronze, A. S. T. M. speciffcation B22-21, class A. each air of lates eae onl ae h If f th t eli ted 
P. B. F.=Phosphor bronze, A. 8S. T. M. specification B22-21, class B. p : p 7 Af “halt OF that indicate 
oe i ee S. T. M. specification A7-29, structural. by the dial reading. 

. 8.=Stainless steel. 
* Finish: The total thrusts required to overcome the initial 

Pc=Coarse-planed finish. ae . . . Py=Medium-planed finish. frictional resistance under each of the unit bearing 
Pr=Fine-planed finish, pressures were used in determining the coefficient of 
R=Rolied or planished finish. friction. 

. h.= Cold-rolle nish as Manutactured. *,° ° . 

Direction of movement: Definitions of the nomenclature used in this report 
1—Movement and finishing cuts parallel. - f ll b 
Soa a ae cuts Takers pro vemens normal to direction of finishing cuts. are as IOLLOWS: 

: 3—Finishing cuts at right angles. == 1 ee ing ght ang Slip.—A single movement of the movable plates 
U=Unlubricated. under lateral thrust while subject to some known bear- 
UL=Tests were made with both lubricated and unlubricated plates. ing pressure was termed a slip 

The operation of the apparatus was as follows: The Test.—A test comprised 15 sets of 20 slips, i. e., 300 
novable member with its two inset movable plates was | independent slips under each of the unit bearing pres- 
laced between the two fixed plates. The desired | sures used, other variables such as materials, finish, 
paring pressure was applied to the contact faces of the | direction of movement, and state of lubrication being 
3st plates by lowering the head of the testing machine. | constant. 
orizontal thrust was then applied (by means of the Test series.—A test series is composed of all tests 
ydraulic jack) to the movable member at a point | made of any one combination of materials under vary- 
idway between the contact faces of the two pairs of | ing conditions of finish, direction of movement, and 
t plates (fig. 3). The magnitude of this thrust was | state of lubrication. 

U 

< 

2 APS Ie oe ey ee 

mM 
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INVESTIGATION INCLUDED STUDY OF UNLUBRICATED, LUBRICATED 

AND RUSTED PLATES 

Tests of unlubricated plates.—In all tests the two moy- 
able plates were 4 by 4 by % inches and the two fixed 
plates were 4 by 4% by % inches. In each test newly 
surfaced plates were used. Before testing, the plates 
were thoroughly washed in naphtha to remove surface 
grease, moisture, or any foreign matter. The plates 
were then inserted in the testing apparatus and a bear- 
ing load of 4,000 pounds (250 pounds per square inch, 
on the 16 square inches of contact area of the plates) 
was imposed by lowering the head of the testing ma- 
chine. Thrust was then applied through the hydraulic 
jack by means of the booster until slip occurred. The 
point of slip was considered to be that point at which 
the needle of the micrometer dial started to recede. 
Successive thrusts were applied and readings noted until 
a succession of 20 slips had been recorded. Each set 
of 20 slips caused a shifting of the movable plates over 
the fixed plates of approximately % inch. 

After each set, the plates were removed, rinsed in 
naphtha, turned horizontally through 180 degrees and 
replaced in the apparatus. The plates were thus kept 
free from lubricant and were subjected to sliding in 
opposite directions as would be the case in actual service. 
After 15 sets of 20 slips the bearing pressure was increasd 
to the next higher value. The schedule just described 
was carried out for bearing pressures of 250, 500, 750, 
and 1,000 pounds per square inch, respectively, and this 
constituted one test, the plates being resurfaced before 
being used again. 

In every case where seizure was apparent the fact was 
noted, in order that the percentage of movements or 
slips in which seizure occurred during the course of each 
test might be determined. Seizure was determined 
either by audible chattering or by jumping of the plates 
as indicated by the micrometer dial. The thicknesses 
of all plates were measured by means of micrometer 
calipers at four points both before and after each test. 

Tests of lubricated plates —The procedure followed in 
making tests of lubricated plates was identical with that 
used in testing unlubricated plates with the following 
exceptions. After the newly surfaced plates were 
washed in naphtha a thin coating of graphite cup grease 
was applied to their contact faces. They were placed in 
the testing apparatus and a bearing pressure of 4,000 
pounds, or 250 pounds per square inch, was applied. 
The plates were slid in successive slips once across the 
fixed plates to distribute the grease evenly and to force 
any excess from between the plates. The plates were 
then removed, reversed, and successive slips were made 
as in the tests of unlubricated plates, but with the origi- 
nal coating of lubricant intact. 

Four cast-iron plates with the smooth-planed finish 
(Pr) and four with a milled finish (M) were exposed 
to the weather, including snow and rain, for 76 and 
56 days, respectively. This exposure produced a thick 
coating of rust. The plates were rubbed against each 
other with hand pressure to remove superficial rust 
and the friction tests were then made. The friction 
developed in both cases was so large that only the 
lowest unit bearing pressure (250 pounds per square 
inch) was applied. The plates were reversed between 
each set of 20 slips, and the rust loosened from the 
contact surfaces was lightly brushed off with a cloth 
between each series of slips. A comparison of the thick- 

ness of these plates as measured before and after ex- 
posure to the weather and after friction tests had been 
completed indicated that the wear shown during the 
tests was caused by the loosening of surface rust, as 
no measurable reduction in original thickness was noted. 

The following procedure was adopted in determining 
the coefficient of friction in each test. Curves were 
plotted for each of the four loadings, mean values of 
the total thrust necessary to overcome the friction 
existing on the 16 square inches of bearing surface, for 
each of the 15 sets of 20 slips, being used as ordinates, 
while the 15 sets were plotted at uniform spacings as 
abscissae. 

COEFFICIENT OF FRICTION REMAINED CONSTANT UNDER 
VARIOUS BEARING PRESSURES 

The averages of the mean values of thrust of the last 
10 sets (200 individual slips) were used in determining 
the coefficient of friction, the first 5 sets being con- 
sidered as adjusting or wearing-in values. These aver- 
ages were plotted on abscissa, proportional to the 
bearing pressures and a mean curve was drawn through 
the resulting four points and the zero point. In all 
cases this curve was a straight line, which indicates 
that the value of the coefficient of friction remains 
constant under varying unit pressures. The maximum 
and minimum variations above and below the mean of 
any set of slips were shown by the limits of the vertical 
lines, drawn to scale, extending above and below the 
mean values as plotted. 

It obviously being impracticable to reproduce the 
curves representing all tests performed in this investi- 
gation, typical curves developed in the manner just 
described are shown in figures 4, 5, 6, and 7. The 
results of all tests are compiled in table 3 in ascending 
order of coefficients of friction for tests without lubri- 
cation. In the column headed “Average maximum 
variations from mean thrust’’, the values shown were 
derived as follows: The average of the thrusting forces 
necessary to cause movement for the last 10 sets of 
slips, or of 200 individual slips, under a unit bearing 
pressure of 500 pounds per square inch, was used as a 
base. The maximum variations in thrusting force 
above and below the mean thrust for each of the last 
10 sets of slips were averaged and these two averages 
expressed as plus or minus percentages of the base. 

The values shown for the variations from mean thrust 
are for the 500 pounds per square inch unit pressure 
only, as this value is considered to be a representative 
value for all loadings. Variations for the tests of 
lubricated plates are omitted. In the majority of 
cases the variation for the lubricated plates was greater 
than in the case of unlubricated plates. 

For the purpose of discussion, results for the 111 | 
combinations tested, as arranged in table 3 and exclud-. 
ing the two tests of rusted plates (24-2 and 24-4) were 
arbitrarily divided into three equal groups of 37 com- 
binations each. These groups are designated 1, 2, and 
3, and contain the low, intermediate, and high values of 
the coefficient of friction, respectively. 

In determining the effect of lubrication on the value 
of the coefficient of friction between flat plates, data from 
77 tests both with and without lubrication were avail- 
able for comparison. Examination of the individual 
curves for each of these 77 tests gave the following 
indications. 7 

TL eS =a = 
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TABLE 3.—Coefficients of friction and other data for the various plates tested 

GROUP 1—LOW COEFFICIENTS OF FRICTION 

; Average maxi- 
Goeth cent SE cans cariavion? Wear Seizure—Percentage of slips seized 

from mean 
Piles thrust; 500 

oe asin weed eo tion of ae Lubricated—Unit bearing No lubrication—Unit bearing 
number ! finish| @0Vve- N unit bearing pressure— pressure— 

ment | Lubri- iabek pressure; no | Lubri-| No lubrica- 
cated cation lubrication cated tion 

ne 250 500 750 1,000 250 500 750 1,000 
are Es pounds} pounds! pounds} pounds} pounds} pounds; pounds} pounds 

G ‘ Percent | Percent | Inches Inches Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent 
1 ea A) RS oS ae Pr i | eee 0. 106 2.1 20 
i L. B. 22-St]. S_-._| Pm i eae. EN .110 4.0 
ich ORC Sane. Pr df a .112 ny, 
21 re Oa=SblSo sense ee Pm ld || eee ee . 116 2.5 
or eae Os a op eee eee M ge cee = ae . 118 3. 2 
16-5-6__..|.A-R.'S8_....--2.=2 Pr 1 0.121 . 123 eal 
R578 22-2 A-R. §_2.-. 22252. M 1 .110 lly od 
(3 ees a 8 Jad Boe os eee ne Pr i pee ee . 128 6 
aes Ao eA RS Seo oe Pm 1 . 122 . 128 Ue 
B21 oce L. B. 22-L. B. 22_} Pc 10) ee . 128 1.8 

nes One L. B.17-L. B.17_| Pc Dee seen ae . 130 1.0 

DUHLeccane P. B. E.-L. B. 22_| Pm ) i a ee ~ 132 3.3 
2 ae De. Bashy BS See Pe i oe ee ee . 182 1.4 
6-2. 3.2. Bak goceee eee a M Solisec conccae . 132 ml 

iist=20e CA=O), St cones Pr i 115 . 1384 2.6 

(2 nes (AOL Ree cee es Pr dt] (eee ee . 134 #2 
di=f-6..-2| A-C. 8...2..5-2.- R a 123 . 185 2.9 
USES EN Yee a ES Bets eee M i . 108 - 135 ad 
fot eee ae BGO pe eos! oe = Pr a Ee . 186 1.0 

i8-1-225-_| D-R, S...-cs-<e- Pc 1 RPA! plteys 1.4 

if . 126 . 137 ic} 
if -112 . 138 ihe 

1 PLLG . 138 2.8 

1 . 126 . 138 1,4 
AG sek ee eee . 138 ala! 
i este oe . 189 1.8 

D 1 5 2B) . 140 1.4 
D 1 . 110 . 140 1.3 

Hatha Geo eA SA Shee coe ce- Pr 2 . 162 . 148 3.1 
a9 30 bes ASA ce ces. soos R 3 . 122 . 146 ibis 
2 Ere | DED ee eee M 2 wL2 . 146 1.5 
Cen Ee Sal BES DE ee eee M 3 . 122 . 146 1.5 
eS Ba Dicee eae. eee Pr 1 |e ae es . 148 5 
Bool een —Gre ae oe aa R 1 2,185 . 148 1.4 
= 19-208 85 |) AGAR See cee cenk M 1 . 107 . 148 9 
2-3-4__.-- 1S). enone Pm 1 148 . 150 eal 

F 3-7-8__.-- Cee er M 1 .164 | . 150 11 

i GROUP 2—-INTERMEDIATE COEFFICIENTS OF FRICTION 

L A esi AO EOS (Ske a ee Pr 1 0.121 | 0.150 0.9 
= 15-62 ecu At Aaa 9 Site es 2 Pc 3 . 139 . 150 3.0 
z 19-15-16._| C. S.-C. S_____-- M 2 . 136 . 150 4.0 
4 yee eo ellie Can Ne Onn) eae Dee M 1 ol eat ae pee . 150 2.9 
Z fet 1ORee AS Alene ee Pu 3 RYAN itil i 
? 7a een AAT) eis Pe ee Pr 1 | geben Ecole . 152 1.5 
4 4-7-8_____ D1 8 oh Se ee Pm al . 148 eLb2 1.0 
a eto Aee |e ACA see co Mee ee Pr 1 - 128 +252 1.3 
PY Pees ASA eee oe Pr 3 . 184 . 154 od 

Pee ode AA ee eee as M 3 . 128 . 154 9 
i! 1-25-26 see | A= Avera Be Ae R 1 146')  . 157 17 
3 a a OFT O42 Pr ges Sears . 187 4.2 

4 1-1-2_____ Acme eres ie ee Pe 1 . 132 2 157 1.5 

me 4-5-6__... DeDeneee oe Po 3 154 | .188| 7.5 
‘ ges |Den, She. ese Px 1 Tigde, 188 | 2 2.4 

3-5-6. __-- C_Of ee F 1 3, 190 . 158 1.4 
7 Opes. | TOG Min arene M tp | Sees se . 158 4.7 

1R=5-G. 25.) D=Reso2e-- =. Pr 1 . 118 . 159 1.0 

te 1=0=1 022 =| AR Ase coke oe Pm 2 . 136 . 161 17.3 

: 2-1-2___.. B= Beeeeocee Po 1 .144] .161 pal 
2-5-6. _... 1 a Pr 1 . 154 aikiy, 1.06 
al — aan Nin tienes F 1 . 182 . 162 6.3 

r OX ES 7 a oY ee ee M 2 7125 . 162 2a 
: 19-17-18_ .| C. S.-C. §____.__. M 3 . 144 . 162 8.8 
: silk Pe Deh b abe Bat Omky i ee B62 35 
\ 1S os ee = Diese coone 2 Po 1 . 1380 . 163 1.9 
‘ fo 27 28 oe | ea Aes 2 ee hee R als . 124 . 164 Dao 
' fOsieeeeee GED eee: Pr (|e 165 18 

Abia | Qe |= Sao eee 22 Pm 3 . 162 . 166 3 
, DS ER tod Sous] BENS ee ee M 1 2 121 . 167 Jy 
’ DE eee |e Oo. Pe eee Pr i ee . 167 4.9 

7 Eo 16 cya a 2 D pene eee eee R 2 . 1380 . 168 2.3 
= eee PeBat es Bebe Px He ee ee cI .170 hs Fi 

4 3-1-2_.._. inate at Pp AR Pc 1 . 161 . 172 9 

5] (METS intern) al Oy Bee See ree Pm 2 . 142 S172 7.9 

=O~1 xcs] Da Dsdce nas oc coe R 1 132 red 1.6 
CEPA Te aap fll 8 ED hae = ae eee R 1 . O91 Any p7 1.6 

: 
! ! First number indicates series; remaining numbers indicate individual tests. Where 2 test numbers are shown, they refer to tests of lubricated and unlubricated 

: plates respectively. 
2 Lubricant removed, coefficient of friction dropped to 0.170. 
3 Lubricant removed, coefficient of friction dropped to 0,152. 
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TaBLE 3.—Coefficients of friction and other data for the various plates tested—Continued 

GROUP 3—HIGH COEFFICIENTS OF FRICTION 

1 afte ae 

ROADS Vol. 17, No. 10 

; Average maxi- : rn 
par pete of mum seviscions Wear Seizure—Percentage of slips seized 

from mean 

Direc-| eae |e fords ey Series Sur- | e pounds per ; bok x N yong ee P 

and re Metals used face, aks square ee pop tietede ue bearing 0 Be are bearing 

is ; 
ar eat 7 ment | Lubri- sah, pressure;no || Lubri-| No lubrica-)|— 2) = eee 

cated ti lubrication cated tion > | 
CS 250 500 750 | 1,000 | 250 500 750 | 1,000 

a ie pounds} pounds} pounds} pounds) pounds} pounds) pounds| pounds : 

Percent | Percent | Inches Inches Percent | Percent | Percent | Percent | Percent | Percent | Percent| Percent | 
21-17-18._| R. S.-R. S....--- M 3 0. 141 0. 174 13.2 123.0) | Sane ||S Sarees coe sceloews eee see es ee eee 19 43 42 70 
14-5-6: 5.2) D-OLS 7258 - R 1 . 110 .174 2.5 Bod lose ss) eee ee cock e a ooo sen me eek ca boscasealeaees see) se cee ee eee te eee ae , 
191-20 OS -CnSecease Pc 1 . 150 . 174 San 3.2 | 0.001 a 0. 002 0 5 10 26 1 1 2 12 ‘ 

ae Mit Cnn Pr rh comes ions Ee le or NOD geet ip) bea ale Cevgcame prea | MIE, elk Aa aS ad a 0 yor es 
23-2... == NAL = Cal eee M | 1 eee 174 6.8 DDN so eRe See ee oul Sate eae ea | Ste ee ee \, 
29-2 eee P. B. E.-P. B. E| Pm | hes ae eee es . 175 2.2 BAe ea Re Se Pee ee ee ee nee ee el ee 0 8 82 87 
21-15-1695 ROSAaRs Saco M 9 140 .176 17.1 | 7 foes SD) |g (ee ee | ee pay! ene eves a | a al ne 34 41 75 58 “ 
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TESTS OF RUSTED PLATES 
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4 Surfaces rusted by exposure 
5 Rust only wore off, no decrease in original thickness, 

The symbols used are explained as follows: 
Metals— Metals—Continued. 

A=Bronze, A. S. T. M. Specification B22-21, class A. 
B=Bronze, A. S. T. M. Specification B22-21, class B. 
C=Bronze, A. 8. T. M. Specification B22-21, class C. 
C. I.=Cast iron, A. 8. T. M. Specification A48-z9, heavy. 
C. S.=Cast steel, A. S. T. M. Specification A27-24, class B medium. 
D=Bronze, A. 8S. T. M. Specification B22-21, class D. 
L. B. 22=Lead bronze-22 percent lead. 
L. B. 17=Lead bronze-17 percent lead. 
L. B. 8=Lead bronze-8 percent lead. 

Direction of movement— 
1= Direction cf movement and direction of finishing cuts parallel. 
2= Direction of movement at right angles to finishing cuts, finishing cuts parall 
3= Direction of the finishing cuts at right angles. 

In 60 tests of unlubricated plates the mean values of 
the coefficient of friction, for the last 10 sets of slips 
under each of the four loads, showed a tendency to 
remain constant or to decrease slightly, and in 17 tests 
this value showed a tendency to increase slightly, while 
in the tests of lubricated plates this value for 44 re- 
mained constant or decreased and 33 showed a marked 
tendency to increase. 

M. I.=Malleable iron, A. S. T. M. Specification A47-30. 
P. B. E.=Phosphor bronze, A. S. T. M. Specification B22~-21, class A. 
P. B. F.=Phosphor bronze, A. S. T. M. Specification B22-21, class B. 
R. S.=Rolled steel, A. S. T. M. Specification A7-29, structural grade. 
Stl. S.=Stainless steel. 

Wear — 
M=Movable plate. 
F=Fixed plate, 

el. 

Figure 7 shows data from one of the tests in which 
this tendency for the resistance to increase as the test 
progressed is evident. The example given is a typical 
rather than an extreme case. 

In four tests (1-15-16, 3-5-6, 3-7-8, and 3—9-10) the 
lubricated plates showed greater friction than the un- 
lubricated plates, and in all four cases the lubricated 
plates seized while unlubricated plates seized in only 
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P= 
BEARING 
PRESSURE 

FIXED PLATE 

i— MOVABLE PLATE 

—<—— T = THRUST CAUSING 
SLIP 

CYLINDRICAL MOVABLE 
MEMBER 

a MOVABLE PLATE 

FIXED PLATE 

COEFFICIENT OF FRICTION (A) -—=" 

FIGURE 3.—ARRANGEMENT OF BEARING PLatEes Durine TEst, 
SHOWING THE ForcEs INVOLVED IN CALCULATING THE COEF- 
FICIENT OF FRICTION (k). 

one case. In two tests (3-5-6 and 3-9-10), where the 
friction with lubrication was greater than without 
lubrication, all lubricant was washed off with naphtha 
at the end of the tests and a single set of 20 slips under 
each of the four loadings was run without lubricant. 
These results showed a definite decrease in the co- 
efficients of friction (from. 0.190 and 0.185, when 
lubricated, to 0.152 and 0.170, respectively) with no 

‘lubrication. 
In group 1 of table 3 there were 21 combinations that 

were tested both with and without lubrication. Of 
these 21 combinations, the coefficients of friction of the 
lubricated plates in 6 cases showed a tendency to 
increase and in 15 cases a tendency to remain constant 
as the tests progressed, while in the same 21 combina- 
tions, where unlubricated plates were used, only 
cases showed a tendency to increase, 16 remained 
constant, and 3 decreased. 

In group 2 of table 3 there were 29 combinations 
available for a similar comparison. In these 29 tests 
the tendencies of the coefficients of friction to vary were 
as follows: When lubricated plates were used, 18 showed 
a tendency to increase, 10 to remain constant, and 1 to 
decrease. With no lubrication, 3 combinations showed 
a tendency to increase, 23 to remain constant, and 3 
to decrease. 

In group 3 of table 3, 27 combinations were available 
for comparison and the following tendencies to vary 
were noted. With lubricated plates 9 combinations 
showed a tendency to increase, 17 to remain constant, 
and 1 to decrease. With the unlubricated plates, 12 
combinations showed a tendency to increase, 12 to 
remain constant, and 3 to decrease. 

LUBRICANT OF QUESTIONABLE PERMANENT VALUE IN REDUCING 

FRICTION 

Considering groups 1 and 2, as comprising the most 
desirable combinations, table 4 shows the general 
tendencies of the coefficients to vary and permits a 

comparison to be made between the lubricated and 
unlubricated plates in this respect. 

2900 —$_$_$$_$__. 3 
1000 POUNDS PER SQUARE INCH 

1750 
MAXIMUM THRUST FOR SET 

t - MEAN THRUST FOR SET 

- MINIMUM THRUST FOR SET 

AVERAGE OF SETS 6TO15 
1500 

1250 

1,000 
SSO 

BEARING PRESSURE - conve PER SQUARE INCH 
250 750 a4 

TOTAL THRUST AT WHICH SLIP OCCURRED - POUNDS 

250 

(sph ae a i | i es, SETS cle 1 \ i = a 
1 2 ce! 5 6 7 8 9 lOve Lie te exIBy 1 14 “ 

SET NUMBER 

Ficurs 4.—RELATIONS BETWEEN BEARING PRESSURE AND 
Turust aT WuicH Siip OccuRRED FoR TEST SERIES 36, 
No. 1, Showing DERIVATION OF COEFFICIENT OF FRICTION (k): 
Bronze C on STAINLESS STEEL; MEDIUM-PLANED FINISH; 
MovEMENT PARALLEL TO FinisHine Cuts; No LusricaTion; 
No Wear; AND No SEIzure. 
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Ficuri 5.—RELATIONS BETWEEN BEARING PRESSURE AND 
TurRust AT WHICH SLIP OCCURRED FOR TEST SERIES 16, No. 1. 
Bronze B on ROLLED STEEL; FINE-PLANED FINISH; Move- 
MENT PARALLEL TO FINISHING Cuts; No LuBricaTion; No 
WEAR; AND No SEIZURE. 
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FigurE 6.—RELATIONS BETWEEN BEARING PRESSURE AND 
Turust AT Wuicu Sure OccurreD For TEst SERIES 21, 
No. 17. Roxiep STEEL oN RoLuED STEEL; MILLED FINIsH; 
MovEMENT—FINISHING Cuts at Rigut ANGLES; No LupRi- 
caTIon; No Wear; SEeIzurRE aT 250 Pounps PER SQuaRE 
Incu, 19 PERcENT oF Suips; aT 500 Pounps, 43 PERCENT; AT 
750 Pounps, 42 PERCENT; AND AT 1,000 PouNDs PER SQUARE 
Incu, 70 PERCENT oF SLIPS. 

TABLE 4.—Variations in coefficient of friction"in tests of lubricated 
and unlubricated plates 

Variation in coefficient of friction during last 20 
sets of slips 

Condition of plates 

Constant Increased Decreased 

Number of tests | Number of tests | Number of tests 
Dinitibricated <enose seca oee 39 5 6 
Embricateds 33.32 sescee- cee ae 25 24 1 
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FIGURE 7.—RELATIONS BETWEEN BEARING PRESSURE AND 
Turust aT WuHicH SLip OccuRRED FoR TEsT SERizEs 14, No. 
6. Bronze D on Cast STEEL; ROLLED oR PLANISHED FIN- 
1sH} MovEMENT PARALLEL TO FINISHING CuTs; PLATES 
LuBRIcaATED; No WeEaR; AND No SEIZURE. 

In group 1, the values for the lubricated plates are 
on an average 11.5 percent less than the values for the 
unlubricated plates, while in groups 2 and 8 the differ- 
ences in favor of the lubricated plates are 13.8 percent 
and 28.3 percent, respectively. 

It appears that, although lubrication with the type 
of lubricant used causes an initial decrease in friction, 
with continued movement the lubricant is forced out 
from between the plates and the friction increases until 
it may equal or surpass that of the unlubricated plates. 
The smoother the finish, the sooner the beneficial effects 
of lubrication appear to be dissipated. 

Inasmuch as the beneficial effects of lubrication for 
the most desirable combinations (groups 1 and 2) are 
small and since in many of the tests these effects de- 
creased during the comparatively limited number of 
movements made in a test, it seems probable that the 
use of a single application of graphite grease, or other 
lubricant which will flow, is of but little, if any, per- 
manent value when used between flat plates subject to 
load intensities such as used in these tests. 

In considering the effects of surface finish on friction, 
19 groups of tests with machined surfaces are available 
for comparison. In making the comparison, tests of 
unlubricated plates, with direction of movement and 
direction of finishing cuts parallel, were used. The 
results of these tests are assembled in table 5 in four 
groups: 

1. Like metals (ferrous). 
2. Unlike metals (ferrous). 
3. Like metals (bronze). 
4, Unlike metals (ferrous and bronze). 

In groups 1 and 2 the fine-planed finish gave the 
highest values of the coefficient of friction and the 
milled finish gave the lowest values except in the case 
of cast iron on cast iron, for which the lowest value was 

aii 
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TasBLe 5.—Effect of surface finish on magnitude of coefficient of 
friction; all plates unlubricated; direction of movement and 
direction of finish parallel 

GROUP 1—LIKE METALS—FERROUS 

Coefficient 
Metals Finish | of grate Seizure 

Pr 0. 266 | Yes. 
ee MOR wae See eo Sek ye es Se ee eer ae Po . 224 | Yes. 

M -215 | Yes. 
Pr . 218 | Yes. 

(Gh S818 <.4.5) 95: Atay Stes iti ye Saleh ae ok eet oa M . 186 | Yes. 
Pc .174 ae 
Pr . 157 es. 

(OES) Rca anaes ee acta { M 150 | Yes. 

GROUP 2—UNLIKE METALS—FERROUS 

Pr 0. 275 | Yes. 
R, S.-O. 1... -----------2---- 2-2-2222 ee eee 2e nee ee ee { M . 239 | Yes. 

Pr . 238 | Yes. 
ORS Ever eee ee eee oe Se eee ae Pe . 208 | Yes. 

M 5 at — 
Pr aes, yes. 

C. 8,-0.1... ------- +--+ 2-2-2222 22 2 ene nee e eee { M - 203 | Yes. 
F . 183 res. 

R. S.-M, I__------------------+--------------------- { M . 182 “ 
Pr 174 es, 

M. I.-C, 1... --------2------- 2-2-2 2222220220 ------- { M "174 | No. 
= F SLOW ey Ose 

ee { M . 158 | Yes. 

GROUP 3—LIKE METALS—BRONZE 

Pr 0.210 | Yes. 
R -172 | No. 

ID snp phn cie eh SRT ea ee a Sele eel et ee a ee eee | Pc - 163 | No. 
Pm . 152 | No. 
M . 140 | No. 
R Si P2 |) NERY 
M . 167 | No. 

Jens BOE ee Re ee eee eee Pr . 162 | No. 
Po . 161 | No. 
Pm . 150 | No. 
Pc ele INO, 
Pr - 158 | No. 

(Oe lara OS as Sle, BS Se ae ile Se 2 ee eS M . 150 | No. 
R . 148 | Yes. 
Pm . 137 | No. 
Pc ~ 157 |’ No. 
R . 157 | No. 

Tp Py 3p PPS a A Ae, De AA EY aE = ey EE Pr - 152 | No. 
5 M . 148 | No. 

Pm . 138 | No. 

GROUP 4—UNLIKE METALS—FERROUS AND BRONZE 

R 0.174 | No. 
TB aS sn pe a Ses Sc Pr - 150 | No. 

M . 140 | No. 
Pr . 159 | No. 

Da Rib mameese encod a ators eo reens See tone sone Pm . 158 | No. 
Po - 137 | No 
M . 135 | No 
Po . 188 | No 

INU ASS ete eee ee See eee ae eee Eee eee eaeas Pm .128 | No 
M. .-127 | No 
Ae . 123 a 

4 . 138 | No 
AWC, S__-W---- +22. 22-22-22 202s 2eee ees e eee een seen ee R ‘135 | No 

Mee - +s ak 
= . 182 0. 

BHR. 8-2. ------- 22-22-22 ence ee eee ene eee enone { re ae HO: 
fe aie oO. 
EIS ss pe ater ee Eg { Pr . 106 | No. 

Symbols used are: 
A=Bronze A. C. I.=Cast iron. 
B=Bronze B. C. S.=Cast steel. 
C=Bronze C, M. I.=Malleable iron. 
D=Bronze D. R. 8.=Rolled steel. 

given by the coarse-planed finish. Seizure was noted 
in 100 percent of the tests in group 1 and 92 percent of 
those in group 2. 

In group 3 either the medium-planed or the milled 
finishes had the lowest values of the coefficient of fric- 
tion. Seizure was noted in only 15 percent of the 20 
tests comprising this group. 
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In group 4 the fine-planed and milled finishes gave 
the most satisfactory results. No seizure was noted 
in this group. 

Tests were made of combinations of two grades of 
cold-rolled phosphor bronze, with surfaces as rolled 
at the mill. In both cases the direction of movement 
and the directions of finish of all plates were parallel. 
Phosphor bronze E showed a high coefficient of friction, 
falling within the highest 20 percent of all tests made. 
Seizure was noted in 6 percent of the slips under the 
maximum loads. Phosphor bronze F, under similar 
conditions of test, gave a coefficient of friction within 
the higher 50 percent of all tests made, and no seizure 
was noted. 

An attempt to determine the comparative merits of 
a cold-rolled finish and a machined finish was later made. 
The cold-rolled phosphor bronze specimens, both E 
and F, were machined with a medium-planed finish 
(Py) and tested in like pairs. No lubrication was 
used and tests were made with the direction of the 
finishing cuts of the contact faces at right angles (M3). 
Data from former tests indicated the above finish 
and direction of movement to be satisfactory for use 
with like bronzes. 

The results of these tests (series 29 and 31) are 
shown in the general compilation of test results in 
table 3. By comparing the results it will be seen 
that no wear was apparent in any of these tests. In 
the case of phosphor bronze E, the machined surfaces 
showed a 10-percent decrease in friction when compared 
with the cold-rolled finish, while in the case of phosphor 
bronze F the machined plates showed approximately a 
5-percent increase in friction in comparison with the 
cold-rolled plates. Both materials, when tested with 
machined surfaces, showed a marked increase in the 
number of slips which seized, from a maximum of 6 
percent to 87 percent in series 29 and from a maximum 
of 0 percent to 89 percent in series 31. However, the 
intensity of seizure, as evidenced by the lack of violence 
of the jump and the small distances moved under 
lateral thrust, was low in both tests. The percentage 
of maximum variation from the mean thrust at slip 
was lower when machined surfaces were used than when 
cold-rolled surfaces were used. 

If due consideration is given to the variations from 
the mean thrust necessary to cause slip found in the 
several tests, and to the limited number of comparisons 
made for the two finishes, the limited differences in 
coefficient of friction found indicate no marked superi- 
ority for either finish. 

MILLED FINISH WITH FINISHING CUTS AT RIGHT ANGLES FOUND 
MOST SATISFACTORY 

Two tests were made of cast-iron plates, one with a 
fine-planed surface and one with a milled finish, all 
surfaces rusted by exposure to weather. The friction 
developed was excessive in both series and only under 
the lowest unit bearing pressure used (250 pounds per 
square inch) could slipping be produced. 

From the results shown in table 5 the following con- 
clusions seem reasonable: 

1. A milled finish is most satisfactory when ferrous 
materials are used in combination. 

2. A milled or medium-planed finish is most satis- 
factory for combinations of like bronzes. 
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3. A milled or fine-planed finish is most satisfactory 
for combinations of ferrous materials with bronzes. 

In connection with these conclusions, it should be 
remarked that the spread of values resulting from dif- 
ferences in surface finish is, in general, not great and 
in many cases the differences between average coeffi- 
cients of friction for two or more finishes on a particular 
combination of metals are so small as to lack signifi- 
cance. Fine distinctions are therefore not warranted. 

There are available for purposes of comparison 16 
groups of tests in which all three directions of move- 
ment were tested with the same combinations of ma- 
terials. Fourteen of these groups covered the three 
planed and milled finishes and two groups covered the 
rolled or planished finish. 

For each material the three coefficients of friction 
corresponding to the three directions of movement 
were arranged in order of decreasing values of the co- 
efficients of friction and grouped under each of the 
surface finishes considered. ‘These data are shown in 
table 6. 

The 14 groups of tests covering the 3 planed finishes 
and the milled finish were considered as a unit, the 
rolled or planished finish being considered alone. 

For the 14 groups of tests, summations were then 
made of the total number of times each of the three 
directions of movement occurred in the high, inter- 
mediate, and low-value groups of the coefficient of 
friction for each combination of material and each 
surface finish shown in table 6. These totals were then 
converted into percentages of the total number of 
groups of tests. which resulted in the relations between 
the three directions of movement shown in table 7. 

TABLE 6.—Effectof direction of movement on the magnitude of the 
coefficient of friction, for like metals in combination, unlubricated 

Coarse- Medium- ; : Rolled or Fine-planed Milled : 
planed planed : : lanished 
finish finish ash: shee E finish 

Materials a a om Hy os w a eT 4 a 

used rch geen le sett | tans | sch ial Sy | Sis Sealers 
ao a qo an Ao a~ qo a qo {= [Sot 
Rosy | CoS Ssh) Sire) ASS) ele ih SNS) |) ere Oneal 

Sf | as | SE] as | SE) es | SE) ds | SE] as fe | 3s | £5) Se | 25] 38 | £2) SS | Be | Gs A ot al = | 2 | ab lies 
AF) S# |6*) S& |aF] 84 | A8] 8&8 | a8] 8s 

J Moz |!0.390 | Moe |10.161 | M3 |10.154 | Mo | 0.162 | Mo | 10,164 
Bronze A.._|; Mi -157 | Ms 151 | Ma «152 |) Mg | 1.154 1 157 

{Ms | :150] My | :138| M2 | 1143] Mi | .148| Mz | 1146 
Mz | 1.448 | Me 1,172 | M1 1,210 | Me .146 | Ms 1,194 

Bronze D___|4 Mi 163 | M3 -166 | M3 1204 | Ms -146| Mi sp? 
M3 158 | My -152 | Me | 1.190 | My 140 | Me 1,168 
NY Poe erie ata eae Sh ee ye Mi 1,266 | Mi SA ea RE ae Saal 

Rolled steel_|; Mi | 1.224 |_.-.__]_..-___ Mion 4S 2438 i) Mion |) tl 7G ee eee 
Me) 22211 || ee Mego 22001 e Misael aii745 |e oe ea 

j Ma WR SOD i te se eee Mi 1,218 | Mi 186) | seo 
Ons Steel sos) Ag et 100 |e eens eee VIS e108: NT online] Got) | eames | eee 

Cave tiara. (eas Sohne Mg {14,287 |) Mig) 1.100 ele 

1 Seizure occurred. 

Symbols used are: 
Mi= Direction of movement and finish of plates parallel. 
M:= Direction of finish of plates parallel, direction of movement normal to direc- 

tion of finish. 
M;= Direction of finish of plates at right angles. 

It will be seen that 93 percent of the tests in which 
movement M, was used fall within the groups of low 
and intermediate values of the coefficient of friction, 
while 79 percent of the tests in which movement M, 
was used fail within the groups of high and intermediate 
values of the coefficient of friction. Those tests in 
which movement M, was used are equally divided 
between the groups of low and intermediate and high 
and intermediate values of the coefficient of friction, 
being 64 percent in both cases. 
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TaBLE 7.—Classification of values of coefficientof friction for the 
various directions of movement 

Percentage of tests using each 
direction of movement 

Values of coefficient of friction (k) 

M2 Mi M3 

Percent Percent Percent 
SEIS 1 Sees Cee eee 2 eres ee os ae eee 57 36 
Intermediates aces cece eee cae 22 28 50 
0 We ae ee eee ee 21 36 43 

Symbols used are: 
Mi= Direction of movement and finish of plates parallel. 
M2= Direction of finish of plates parallel, direction of movement normal to direc- 

tion of finish. 
M3= Direction of finish of plates at right angles. 

In the same 14 groups of tests seizure was noted as 
follows: For movement M;, 11 groups or 79 percent 
seized; for movement M3, 9 groups or 64 percent 
seized; for movement M,, 7 groups or 50 percent 
seized. The combinations of lke ferrous materials 
seized in all tests while the combinations of like bronzes 
seized in only 9 out of 24 tests or in 38 percent. 

If the bronze and ferrous materials are considered 
separately, table 6 gives the following indications for 
bronzes: 

For finish Pg movement M; is best and movement M, 
ranks second. 

For finish Py movement M, is best with movement 
M; ranking second. 

For finish P; movement M, is best with movements 
M, and M; rating equally for second place. 

For finish M movement M, is best with movement 
M; second, with but slight differences between the two. 

This tabulation shows, as has already been concluded 
from table 5, that for bronzes in combination the 
milled or medium-planed finishes give the lowest 
coefficients of friction. For these finishes, direction of 
movement M, is most satisfactory, although in general 
there is not a great difference between the coefficients 
for M; and M3) >| 

For ferrous materials, table 6 indicates that, consid- 
ering all finishes, direction of movement Ms; is superior 
to M, and Msg, since it gives the Jowest values in 4 out 
of 6 groups. However, in the case of the milled finish, 
the difference between M; and M,j is not significant. 

It is apparent from table 6 that, in the two groups of 
tests with rolled or planished finishes, direction of 
movement had no pronounced effect, as both high and 
low values of the coefficients of friction were evenly 
divided between movements M, and M; and seizure 
was noted in both the high and low groups. No 
seizure was noted for movement M;. 

If one finish and one direction of movement were to 
be selected for all combinations of metals, the one that 
would probably be most generally satisfactory would 
be the milled finish with the finishing cuts at right 
angles (M3). 

COMBINATIONS OF LIKE OR UNLIKE FERROUS MATERIALS HAD 

HIGHEST COEFFICIENTS OF FRICTION 

In the 190 tests made, only 31 (exclusive of 2 tests 
with rusted cast iron) showed evidence of wear, the 
loss in thickness varying from 0.0005 to 0.0020 of an 
inch. Of the 31 tests showing wear, 22 were of like 
materials (10 bronzes and 12 ferrous materials) and 9 
were of unlike materials (4 bronzes in combination with 
ferrous materials and 5 combinations of unlike ferrous 
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TABLE 8.—Effect of materials on the magnitude of the coefficient of friction (111 unlubricated sets considered) 

Group no. 1—37 lowest values of k ! Group no. 2—37 intermediate values of k Group no. 3—37 highest values of k 

ee ; Number | : | | 
ombination of materials used of sets Number | Number Number | Number Number | Number 

tested | Number RAS of sets of sets | Number Saag eee of sets of sets | Number Sek pe of sets of sets 
of sets S osten showing | showing | ofsets |° Perea showing | showing | of sets pret 5! showing | showing 

seizure wear seizure wear seizure wear 

Ic 

Bronze and ferrous_-_-.-.----..- 22 18 co} Bt |S ae eee 3 3 LS 6 toe ea 1 | 1 | ANG) | Bee na en oe eres a 
NTO, DE ORZOSs. 2 = = See eee fi 5 7A A ES oe Ste A Ree Se 2 Pee Gh legs A ae S| et eee | pa, ee tad, ae Gees ENE s 
ako DEPONZESHe ce oe eee ns 47 14 29.8 2 2 25 63. 2 8 4 8 17.0 8 1 
Aine JOrrous= essere ee Et ten ks ae aeral hts Se be ha oS ee eo 2 15. 4 Ditto eee 11 84. 6 10 4 
WSLXOUOLTOUS soe ee Ae ee D2 RE Re aS ee eee A ee Se ee ee 5 12.7 5 sha 17 Tied 17 6 

OUR ee ten som ese 111 Yd ete 8 ee 2 5 Sales eens 15 6 OW Nfee eee 35 11 

1 k= Coefficient of friction. 

materials); 9 were lubricated and 22 were unlubricated. 
Twenty seized during testing and 11 did not seize. 

In 20 cases wear was evident where a coarse-planed 
finish (Pc) was used, in 3 cases where a medium-planed 
finish (Py,;) was used, in 5 cases where a fine-planed 
finish (Py) was used, and in 3 cases where a milled 
finish (M.) was used. 

Wear occurred in 20 cases where the direction of 
movement and the directions of finish of both plates 
were parallel (M,), in 6 cases where the directions of 
finish were parallel and the direction of movement was 
normal thereto (M;), and in 5 cases where the direc- 
tions of finish of the plates were at right angles (M3). 

Seventeen of the combinations showing wear con- 
sisted of ferrous materials, 10 combinations consisted 
of bronzes, and 4 combinations consisted of bronze 
and ferrous materials. In three cases, where unequal 
wear occurred in the two plates of a combination of 
bronze and ferrous metal, the ferrous materials showed 
the greater wear. 

In reaching any conclusion with respect to the im- 
portance of wear as disclosed by these tests, con- 
sideration should be given to the fact that the wear 
observed took place during only 1,200 slips of the test 
plates and that this number of movements represents 
only a very limited part of the total number to which 
bearing plates may be subjected during their useful 
life. Measurable wear occurred in only a small per- 
centage of the total number of tests, a in the ma- 
jority of the cases where it did occur, either a coarse- 
planed finish, which would not be recommended in any 
case, or a finish or direction of movement unsuited to 
the particular combinations of metals involved was 
used. Therefore, it seems probable that when a proper 
selection of materials and surface finishes is made, wear 
may be expected to be negligible. 

Since the use of a lubricant appeared to be of doubt- 
ful value in permanently decreasing the coefficients for 
given materials, and furthermore, since tests of lubri- 
cated combinations were not made in all cases, only 
the 111 tests of unlubricated plates listed in table 3 
(tests of rusted plates excluded) were considered in 
determining the relative merits of the materials tested 
for use in bridge bearing plates. 
By arranging these 111 tests in the order of increasing 

coefficients of friction and dividing them into three 
groups of 37 tests each, the results shown in table 8 
were obtained. These clearly indicate that combina- 
tions of bronze and ferrous materials and of unlike 
bronzes in combination are the most efficient, as 18 out 
of a total of 22, or 82 percent, and 5 out of Ten Obed L 
percent, respectively, of the total number of tests made 

of these two classes of combinations fall within the 
eroup having the lowest coefficients of friction (group 1, 
table 8). Moreover, these two classes of combinations 
comprise 23 out of a total of 37, or 62 percent of the 
total tests falling in group 1. 

In group 1, seizure was noted in only two combina- 
tions and was small in amount. These were like 
bronzes, both with a rolled finish, and seizure occurred 
in only 7 and 12 percent, respectively, of the total 
number of slips under any load intensity. 

Group 3 of table 8 indicates that the combinations of 
unlike or of like ferrous materials are the most unsatis- 
factory of all of those tested, as 11 out of 13, or 85 
percent, and 17 out of 22, or 77 percent, respectively, 
of the total number of tests made of these combinations 
fall within the group of the highest values of the 
coefficient of friction. These two classes of combina- 
tions comprise 28 out of 37, or 76 percent, of the tests 
falling within this group. Seizure was noted in all of 
the tests made of these two classes of combinations with 
the single exception of one combination of unlike 
ferrous materials. 

It will be noted by reference to the general compila- 
tion of results (table 3) that the high lead bronzes in 
combination with like materials, or in combination with 
phosphor bronze or stainless steel, rank among the most 
satisfactory. The high lead bronze in combination 
with stainless steel shows next to the lowest coefficient 
of friction (0.110) of the 111 unlubricated combinations 
tested. The high lead bronzes in combination with 
like materials or in combination with phosphor bronze 
fall within the 13 lowest coefficients of friction of the 111 
unlubricated combinations tested, with coefficients 
ranging from 0.128 to 0.132 as compared to the mean 
coefficient, 0.137, of group 1, table 3. This group com- 
prises the 37 lowest coefficients of the 111 tests made of 
unlubricated plates. 

EXPOSURE TO CALCIUM CHLORIDE HAD LITTLE EFFECT ON PLATES 

Since the tests in this investigation indicated that 
combinations of ferrous materials and bronzes produced 
the lowest coefficients of friction and also indicated that 
rust may result in a substantial increase in the coefficient 
of friction, the use of stainless steel suggested itself 
because of its nonrusting properties. However, doubt 
existed as to the possible electrolytic action which might 
result from its use in combination with bronze when 
exposed to salt air. For the above reasons, a limited 
series of exposure tests was made in an attempt to 
obtain indications of electroy]tic action, if such existed. 

The procedure adopted was as follows: Eight samples 
of cast bronze, four of grade A and four of grade B, 
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Figure 8.— ASSEMBLY OF PLATES FoR TESTS TO DETERMINE 
ELECTROLYTIC ACTION. 

with machined surfaces, were used in combination with. 
thin plates of stainless steel 0.032 inch thick with cold- 
rolled surfaces as furnished by the manufacturer. 
These eight combinations of bronze and steel were 
clamped together by means of straps of iron or soft steel 
1 inch wide bolted around the centers of the 4-inch 
square specimens used. In four sets of specimens the 
clamps were in direct contact with the specimens, thus 
forming a direct metallic or uninsulated bond between 
the two plates. In the other four sets of specimens thin 
strips of maple were placed between the clamps and 
specimens as insulation. The methods of clamping 
the specimens together and of insulating them are 
shown in figure 8. 

One insulated and one uninsulated set of specimens 
were subjected to calcium chloride vapor by suspending 
them in the top of a brine tank of a cold storage plant. 
One insulated and one uninsulated set of specimens were 
subjected to a vapor of sodium chloride by suspending 
them over a saturated solution of this salt through 
which a small amount of air was continually passing, 
the top of the container being covered with canvas. 

One set each of insulated and uninsulated specimens 
were immersed in saturated solutions both of calcium 
chloride and of sodium chloride. All specimens were 
left in place for 4 months. They were then removed, 
rinsed in hot water and dried with paper towels. All 
of the specimens were measured with micrometer 
calipers before and after exposure. 

The four specimens exposed to calcium chloride either 
in vapor or immersed in the solution will be considered 
first (figs. 9 and 10). In no case was any apparent 
effect of exposure present on the contact faces of either 
the stainless stee! or the bronzes. The outer face of the 
stainless steel immersed with no insulation between the 
specimens and the iron clamps showed a slight deposit 
of copper except where covered with the clamps. None 
of the other three stainless steel specimens showed any 
effect on the outer faces. Three of the four bronze 
specimens showed discoloration of the outer surfaces 
except where the surfaces were covered with either the 
clamps or the insulation strips. In no case was there 
any apparent breaking down of the surface or any 

measurable change in thickness of either the bronze or 
steel specimens. 

EXPOSURE TO SODIUM CHLORIDE NOT DETRIMENTAL TO PLATES 

In the case of the four specimens exposed to sodium 
chloride vapor or immersed in the solution, the follow- 
ing effects were noted (figs. 11 and 12). 

The two steel specimens that were immersed showed 
no effect of immersion on the contact faces. The con- 
tact face of one bronze specimen showed no effect of 
immersion, while the other bronze specimen showed one 
small discolored spot where the contact between the 
steel and bronze was poor. One of the outer faces of 
the steel specimens showed no effect of immersion, while 
the other specimen was discolored in spots where salt 
crystals had formed. The outer faces of both bronze 
specimens were slightly discolored by immersion except 
where the surface was covered by the clamps or insula- 
tion strips. 

The contact faces of both the two steel specimens 
and the two bronze specimens that were exposed to 
vapor showed discoloration in spots where contact be- 
tween the steel and the bronze was poor. Both sets of 
specimens showed two bright spots on both the steel 
and the bronze where the contact between the bearing 
faces was good. The outer face of one steel specimen 
was discolored where it was in contact with the black 
iron clamps, while the other was discolored in two spots 
adjacent to the clamps. The outer faces of both bronze 
specimens exposed to vapor were discolored and one 
specimen showed two spots of corrosion adjacent to the 
iron clamps with a resulting increase in roughness of the 
surface. 

No measurable change in thickness was found in any 
of the specimens and in only the one bronze specimen 
where corrosion was found was any apparent break-down 
of the surface noted. Figures 9 to 12 show both contact 
and outer faces after the exposure tests were completed. 
Differences in texture, color, and surface finish, with the 
resulting variations in the reflection of light, presented 
a difficult problem to the photographer. As a result, 
these photographs may give an exaggerated idea of the 
conditions of the various surfaces. However, they give 
a fair idea of the relative results of the various expo- 
sures. 

Examination of these plates for evidences of electro- 
lytic action revealed that only one of the eight sets of 
specimens gave indicationsofsuchaction. Whenbronze 
A, in combination with stainless steel, was immersed 
in a solution of calcium chloride with no insulation be- 
tween the iron clamps and the test specimens (.. e., 
with a direct metallic connection between the unlike 
materials), a deposit of copper was found on the outer 
surface of the steel except where it was covered by the 
clamp (fig. 9, no. 7). The outer surface of the bronze 
also showed an increase of copper on the surface 

In none of the eight sets of specimens were effects of 
electrolysis evident on the contact faces of the speci- 
mens although in three of the bronze specimens and 
two of the steel specimens these faces were discolored 
in spots where contact between the two surfaces was 
imperfect. Due consideration should be given to the 
fact that the stainless steel plates used in these tests 
were only 0.032 inch thick and consequently were 
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aR ee DR Pay ROR OR ORR 
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\-STAINLESS STEEL 2- BRONZE D : 3- STAINLESS STEEL 
PLATES EXPOSED TO CALCIUM CHLORIDE VAPOR FOR 4 MONTHS 

5- STAINLESS STEEL 6- BRONZE A 7- STAINLESS STEEL : 8- BRONZE A 
PLATES IMMERSED IN CALCIUM CHLORIDE SOLUTION FOR 4 MONTHS 

FIGURE 9.—APPEARANCE OF BRONZE AND STAINLESS STEEL BEARING PLATES AFTER IMMERSION IN AND EXxposuRE TO CALCIUM 
CHLORIDE. THERE Was No INSULATION BETWEEN CLAMeS AND Puates. Nos. 1, 2, 5, AnD 6 Werm Contact FACES, AND 
Nos. 3, 4, 77 AND 8 WERE OUTER Facrs or PLATES. 

I- STAINLESS STEEL " 2- BRONZE D 3- STAINLESS STEEL 4- BRONZE D 
PLATES EXPOSED TO CALCIUM CHLORIDE VAPOR FOR 4 MONTHS 

5- STAINLESS STEEL 6- BRONZE D 7-STAINLESS STEEL 

PLATES IMMERSED IN CALCIUM CHLORIDE SOLUTION FOR 4 MONTHS 

Figure 10.—APpprpEARANCES OF BRONZE AND STAINLESS STEEL BEARING PLATES AFTER IMMERSION IN AND EXPOSURE TO CALCIUM 
CHLORIDE. Srrips of Woop INSULATED THE IRON CLAMps FROM THE Puates. Nos. 1, 2, 5, AND 6 Were Contract Facss, 
AND Nos. 3, 4, 7, AND 8 WERE OvTER Faces or PLATES. 
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|- STAINLESS STEEL 2- BRONZE D 3- STAINLESS STEEL 4-BRONZE D 
PLATES EXPOSED TO SODIUM CHLORIDE VAPOR FOR 4 MONTHS - 

S-STAINLESS STEEL 6-BRONZE. A 7- STAINLESS STEEL - 8-BRONZE A 
PLATES IMMERSED IN SODIUM CHLORIDE SOLUTION FOR 4 MONTHS 

Figure 11.—AppEARANCES OF BRONZE AND STAINLESS STEEL BEARING PLATES AFTER IMMERSION IN AND ExposurRE To SopIuM 
CuioripeE. THERE Was No Insu,Lation BETWEEN CLAMpPs AND Piates. Nos. 1, 2, 5, anpD 6 WERE Contact Faces, AND 
Nos. 3, 4,7, AnD 8 WERE OvTeEeR Faces or Puartss, 

I- STAINLESS STEEL . 2-BRONZE A : 3-STAINLESS STEEL _ 4-BRONZE A 
PLATES EXPOSED TO SODIUM CHLORIDE VAPOR FOR 4 MONTHS 

S-STAINLESS STEEL 6- BRONZE A 7-STAINLESS STEEL 8-BRONZE A 
PLATES IMMERSED IN SODIUM CHLORIDE SOLUTION FOR 4 MONTHS 

FiguRE 12.—APpPEARANCES OF BRONZE AND STAINLESS STEEL Brartna PLates AFTER IMMERSION IN AND ExposurE To SoDIUM 
Cuioripe. Srrires or Woop Insutarep THE IRoN CuAmps From THE Puartes. Nos. 1, 2, 5, AND 6 Were Conract Facsgs, 
AND Nos. 3, 4, 7, AND 8 WERE OvuTeR Faces or PuatsEs. 
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somewhat flexible. Moreover, they were clamped to 
the bronze specimens by clamps only 1 inch in width 
passing over the center of the specimens. As a result 
any slight unevenness, caused by shearing of the thin- 
steel plates or by marking with an identification num- 
ber, caused faulty contact between the plates and al- 
lowed vapor or moisture to penetrate and settle. It is 
believed that, where thicker plates are used and are 
subjected to pressures usually existing on bridge bear- 
ing plates, contact between the surfaces will be such 
as to prevent penetration by either moisture or vapor. 
Four of the eight outer surfaces of the steel showed no 
effect, one showed the copper deposit mentioned above, 
and three were discolored in spots adjacent to the 
clamps undoubtedly resulting from the breaking down 
of the black iron of the clamps. No evidence of any 
break-down of the surface was apparent. 

The outer surfaces of the bronze specimens showed 
the normal discoloration to be expected when finished 
metal is exposed to salt air, and in one specimen two 
small spots of corrosion with a slight increase in rough- 
ness were found adjacent to the iron clamps. The 
iron clamps all showed pitted and rusted surfaces as a 
result of exposure. 

These tests would seem to indicate that for normal 
exposure to salt air no electrolytic action or breaking 
down of contact faces may be expected when bronze 
and stainless steel are used in combination if the 
contact between the plates is good. 

CONCLUSIONS 

1. The coefficient of friction for bearing plates re- 
mains constant under varying loads for any combina- 
tion of materials tested. 

2. An initial application of graphite grease or other 
lubricant that will flow appears to be of doubtful value 
in permanently reducing the coefficients of friction 
when used under conditions such as obtained in these 
tests. 

3. In general, for the materials tested the relative 
coefficients of friction, in increasing order of magni- 
tude, are as follows: 

a. Ferrous materials in combination with bronzes. 
b. Hard bronzes in combination with softer bronzes. 
c. Like bronzes in combination. 
d. Ferrous materials in combination with like or unlike ferrous 

materials. 
e. Ferrous materials in combination where subject to rust. 

4. The following are indicated as the most satisfac- 
tory finishes for various combinations of materials: 

a. Ferrous materials in combination—a milled finish. 
: aaa bronzes in combination—a milled or medium-planed 
nish. 
c. Ferrous materials and bronzes in combination—a milled or 

fine-planed surface. 
d. A cold-rolled finish on bronze compares favorably with 

machined finishes provided the plates are rolled to a surface 
which will give uniform contact. 

5. The directions of movement most satisfactory 
for machined plates are with finishing cuts at right 
angles (M;) and with direction of movement and 
direction of finishing cuts parallel (M,), with M; show- 
ing a slight superiority. With rolled or planished 
finishes, but slight variations in friction are caused by 
the direction of movement, although less seizure is 
noted when the direction of movement and the direction 
of finish are parallel. 

6. Wear is probably a negligible factor when suitable 
materials and finishes are used. 

7. The limited exposure tests made do not indicate 
that destructive corrosive action may be expected 
from the use of combinations of bronze and stainless 
steel when exposed to salt air. 

8. If proper care is used in selecting materials and 
finishes, a coefficient of friction varying from 0.10 to 
0.15 may be expected, with variations of 5 percent 
above and below mean values, for load intensities of 
the order of 250 to 1,000 pounds per square inch. 
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IN6Vadee =e: soso as | 062;:040 <== eee 962, 040, Le O50 eee ree eee 928, 972 16846 Wioseacecc heer 960, 090 
New Hampshire_--- 2, 868, 166 4, 360 2, 872, 526 315) |e ee ee LO 7070S sl samen ae 726, 895 2, 697, 648 
New Jersey_--_----- | 18, 205, 102 | 18—1, 387, 702 | 16, 817, 400 84950 Nees eee ATO <7 OA Mee eee 7, 597, 651 8, 073, 415 
New Mexico--_----- 2281s COS ae 2, 877, 605 62-3205 |eyee eee ae LOO 084.4) aaa eee 1, 513, 696 2, 815, 280 
New York 20______- 56, 311, 245 166, 865 | 56, 478, 110 oa Al. ee oe bt 5, 024, 734 483, 436 356753900 eee ee | eee ee 3, 675, 900 9, 184, 070 
North Carolina_-__- 19, 147, 015 17, 5383 | 19, 164, 548 6, 199 24, 995 5, 760, 418 179, 618 6, 602, 269 399) 196 3) eee 7, 001, 465 | 12, 941, 501 
North Dakota_-____- PR BPAP REY —2, 611 2, 320, 776 ASTD OU tee Se 1, 523, 041 6; 959 "eee: ee ee ee ees ee eae ee 1, 530, 000 
Ohio. ==) a> 39, 169, 151 —1, 354, 539 | 37, 814, 612 1834460) ee 15, 654, 932 3545386 soe ee aS Rek ee a eta ees oe Sale eee 16, 009, 318 
Oklahoma. .--2----- 11 877, Lb —324, 787 | 11, 552, 364 DY lat Gy || Oe eS 4 OUT, S82) awe ese aay ee ere ee ee eee | 4, 911, 8382 
Oregon==2 = ee 7, 942, 853 —99, 525 7, 848, 328 265201 eee ee 3, 649, 210 198, 473 2,809; 200: sooo = eee 2, 805, 233 6, 652, 916 
Pennsylvania__-—-_-_- 25 40, 651, 831 26 493,817 | 41, 145, 648 209° 670 d|2 eee 22, 723, 714 793, 531 SpO205| GAG: les ae ee ee eee 3, 322,949 | 26, 840, 194 
Rhode Island_-_--_-_-_- | 2,106, 204 58, 359 2, 164, 563 16: O73 aso 155445353") ee ee 3015876) | sae ae | eee 301, 876 1, 846, 229 
South Carolina_____ 28 8, 765, 749 — 66, 777 8, 698, 972 29 38, 500 29.9, 500 BEY AIYat N ee Se 1, 117, 962 2, 524, 151 544 3, 642, 657 7, 164, 683 
South Dakota___-__- 4, 315, 419 24,079 | 4,339, 498 AA AT O\g ee oe ree I 8775. QO ee elie eo ee co = lp | 1, 877, 967 
Tennessee-___.___---| 14, 966, 016 234,778 | 15, 200, 794 1505594) | Seale eae 2 LOS NO 7 lp eee ees 50, 356 2, 133, 833 | 4, 095, 3 6, 279, 566 8, 383, 137 
Moxase aos see see 135; 606; 085 —86, 806 | 33, 519, 279 535 (345m Saemeneie 116; 603.8121 a aie sree | pee ete’ 8500061 1 | eee 8, 290, 061 | 24, 893, 873 
CaS oe eee [2,714,341 —29, 341 | 2,685, 000 890003 anaes 2, 577, 183 99) S17, | Sean te ae | alee ee Wa, Eee ee ee | ee ee 2, 677, 000 
Wermontaes- as es | 2,048, 645 219, 677 2, 268, 322 D200 Meee ene 1, 218, 366 34, 560 4A AAD Eke ce See ie eee 447, 445 1, 700, 371 
Wirginines ss ee ee 13, 340, 505 —147, 169 | 13, 193, 336 164, 160 28, 885 (peta eye Eka a ee oe 47652 Os] ae ee | ee eee 476, 210 6, 827, 777 
Washington_-______- 12568)379) | aoe= oe aoe 12, 568, 379 22 O84 ee eee 4;\036;904 jee BHO7 "93 0ial pee oe cap eee | eee eae 97,930 | 4, 134, 834 
West Virginia. _-._- 6, 102, 941 —1, 741 6, 101, 200 ps aC Valsly | Medea pe ieee 15603 05852226 vesee 4:933,429' i222 SS eee See 4, 233, 429 5, 836, 487 
Wisconsin_..._-.__- 16, 249, 747 —825, 947 | 15, 423, 800 52, 421 178, 540 6; 2865279) eee eee |e eee eee oes Qraigeed Heese eteeeee 2, 277, 229 8, 563, 508 
Wyoming== 22s 1, 931, 912 90, 403 2, 022, 315 BT Yo9 By) [Per a 1, 269, 578 32, 479 11250005 |S oe 8 eee 112, 000 1, 414, 057 
Dist of Colum- | 2,197, 209 374, 793 2, 572, 002 (38) 9 Wee See keale e  A pa es SS ee ee 

ia. 

Metal sseeoee= | 619, 802,062 | —4, 221,087 |615, 580,975 | 4,275,369 | 860,872 |258, 036, 693 | 3, 284, 703 | 57,618,031 | 25, 530,777 | 4,181, 762 | 87, 330, 570 |348, 651, 966 

! Amounts distributed during the calendar year differ in many cases from actual collections because of undistributed balances and lag between accounts of collecting 
and expending agencies. Adjustments also include deduction of receipts not classed as highway-user imposts as follows: Proceeds of tax on gasoline used in aviation in 
Idaho, Maine, Michigan, Nebraska, Oregon, and Wyoming, and proceeds of tax on nonmoior-vehicle fue] in Ohio. 

2In many States the proceeds of motor-fuel taxes, motor-vehicle fees, and motor-carrier taxes are placed in a common fund from which the distribution is made. 
these cases the amounts distributed have been prorated in proportion to the receipts, not otherwise dedicated, from these three sources of revenue. 

3 Where reported separately from collection expenses, funds allotted for motor-fuel inspection, administration of motor-vehicle department, and regulation of motor 
vehicles are shown in this column. 

4 Includes funds allotted for expenditure on urban extensions of State highway system, where reported separately from other funds distributed for local roads and streets. 
5 County or local obligations assumed by State as reimbursement for local roads added to State system. 
6 In States indicated by star (*) law provides that allotments for work on local roads or streets may also be used for service of local highway obligations, but amounts 

so used not reported 
7 In a number of States allotments for local road work may be used on city streets. 
§ To State general funds unless otherwise noted. Allocations to county or municipal general funds may have been used in part for highways, but such amounts not 

reported. 

separately. 

® For engineering expenses in connection with irrigation. 
10 Funds allotted to counties for use on both State and local roads. 
1 Pro-rata share of State highway sinking fund transferred to general fund as a result of refunding operation which replaced sinking fund bonds with serial bonds. 
12To Division of Airways, $15,616; Dade Memorial Park, $818. 
18 For Confederate pensions and past-due teachers’ salaries, $1,786,840; prison camps, $2,968. 
4 To ports of New Orleans and Lake Charles Harbor for harbor improvement. 
1s To Conservation Department for oyster propagation, $75,000; Chesapeake Bay ferry companies, $48,727. 
16 Pro-rata share (approximate) of debt service on nonhighway portion of emergency public works loan. 

This column shows allotments which were reported separately. See note 4. 

In 
See following tables. 



BOB! CER OA D'S 

BOL ale WE CE IPAS 1935 
of State authorities] 

December 1936 239 

For local roads and streets 6 For nonhighway purposes 

For other 
highway 

Service of ee For relief E 
For work on | For work local (park and of unem- State 
county and on city highway Total betg Poseurs ployment | og = For vee Total 
local roads streets 7 obliga- ote 3 or desti- Sa ay nee 

tions : tution 

SOMO Te LOOn ee dese ae ea ae | Soe Be SLO 16 1 SO] ene eee ne ee PE ee 2 em he ee Se eae | Alabama. 
TERRA es les Ee al eee OSSE SO Og | een ae eee ere te ee SIS6- G67 alee 9 $4, 106 $190, 773 | Arizona. 
OLB Ol seen oa ee $81, 738 HOSE AO0M eee See ene, ees Seer ae a ee et ee ee en Ie RE coll acen ane Se Arkansas. 

*12, 510, 058 SIS 2 Gis eee ce ee L2G O2S 2 LO a eee ene eae rene Merrcenee | tne nes ety Aa hie. ee ee EA Be OS Ne oe eee oe California. 
DOP HO4 a DO mee at Secs webs een ns TURE STRUM ice sige sages || as ke Stl UI Bi Se | Ee a a eS ee | eee ee Colorado. 
aD BE We ore See he et epg ge ee ge ach | Ne SO aa PIES Rn 0 SR) A Se a a ee pe Connecticut. 
re er ea) eee Nene 8 PE ee ee ee es ee WE De Nt eae (ea 2 ite eal Wy ee ee ee 228, 563 | Delaware. 
Se ee ee 5, 104, 495 5, LOL 405 eee eee DODD LASeecent asta oclacce cane 12 16, 434 2, 568, 682 Florida. 

Dh Jo V iON EY | oe let Oe Sl iat 245375018 9] eee eae SGONO THUG nn ee $2, 615, 477 |13 1, 789, 808 5, 265, 960 Coorelas 
eR eee eT aera es |e Ra ea Nine ee IO ee ee na ow Sed watien |ucolocecae eee aho, 

465569),243) |= *6; 606, 882 cse 2 258. 13166075) |e emeen TAAROCOM ESO I 20788) mesh 7080 05Si | aneet oe aeee 7, 361, 010 | Illinois. 
7, 512, 872 1, 878, 218 OF801, 000) | eee enen ee 331, 426 331, 426 | Indiana. 

*5, 092, 000 BOD 25000 yl meee ener et | remnant ior we ee na ee ee eee ee eee Iowa. 
2, 495, 756 EA 0 berib On Suc ae eee eee | pene eee eA ee ALE eee Sel 2 Loe pow oe enee ene Kansas. 

eee ree ae ee anaes | ce || Cena il ee ONES ERS a, PE A NEL ew os |e oer eee Kentucky. 
BS Se SO eee | | pee ae meets S| Ie eee eee eed |e ig ee Oe ee eres 1, 869, 184 | Louisiana. 

DAS A TOU eee a ee | Sore See BASEL Gm eee sae mnie | Rene SOTO cell Ee a 0) SR A ths re he ee Maine. 
779, 019 2, 312, 168 642, 106 3, 733, 293 136, 687 | Maryland. 

PAY RCRA el |S Declare ene a We ee ee 2, 372, 739 9, 953, 789 | Massachusetts. 
ROP OUST Sb nl eoaee eae | mae Pewee 6, 094, 185 4,330 | Michigan. 
SOR OUIR ULES | (i ee ees ee eee 3, 697, 644 67,046 | Minnesota. 
Cae nl i 2 ee I A ee 2 Eg ce Beste cee ee eee ae ee eee a ee) eee aL ve eee ol ee | Sees Mississippi. 
ree eeeeee ere ee | ee a St |e eee een Re) OR oe eee Peme a A 8 ee 7 ee Se ee sib, cee Missouri. 
ee eee | ae Meare meee | nen ey nN | eee e et | ee e, Ow ee cs ee eile BS eS ee ee wal oa. eee ce Montana. 

*2, 901, 185 OH a helt) eens oe 38, 222, 365 1, 113, 218 | Nebraska. 
eae le SRE Sl eesBeers see cee all ee Sek NIN ee eg |e I A a a i ee ee a gl ep ee ee (a Nevada. 
foe tg eh ae [ha 17 170, 728 170, 728 oo se es esse e-| New Elampshire: 

2100, 018) a2 se eassee ee 192, 763 2, 958, 441 5, 700, 585 | New Jersey. 
re ee ree ee oe eae (eee meee | Ue Ne eee ge coe ee pe Ee ee SNe A eee ee kot cee New Mexico. 

SSUOGONT 71 A meenee eee anaes 8, 090, 71 39, 110, 555 | New York.20 
SA CUO 2 1 Meee enaee ee asl aae cee ee ASTID 52 | heen ene Tee AOS ey as Le TR Se (ae Eh a ee 1, 479, 326 | North Carolina. 

05s O00 Meee eee i eee ee FACS U AT) | eee ee FEA Goda se eh ae ae ee ol ene eed 776 | North Dakota. 
7, 205, 400 | #8 4,920,445 |____________ TOSISACQA GN Re Bet et eeean On some RNOE ieee Sook EAST AOOST eee aan 9, 487, 003 | Ohio. 
52008" O83 eeu ee wee ete eee 2 NOUS 0830 etoeeee mee ae 2 Pets a | eee ee | ee ee ee 24 3, 490, 778 3, 494,006 | Oklahoma. 
P44 00S UI eee ees ee | Se ae 1, 144, 003 D0 280k em ee ted re ES AS lelil fies Maan Pat Se OS NE TY Fee he Oregon, 
*8, 345, 374 BLOsoOlE See eee ees 8, 924, 735 iL Sats ay al bal SO Re DROSO 2600 Beane eee 27 38, 206 5, 124,475 | Pennsylvania. 

ee eens | eee en ee SEs ee eile ce Pe Stole eek cence SOLOO 1k eee = ees ee ee 301, 361 | Rhode Island. 
SDR So OOo tee soe ene ae ee nee 1A S52) 6841 See ates ee SFL ORG Dee emee Loe aoe ete meeeeeee alt Teens eee 133, 605 | South Carolina. 

ete ee res Mita ae re aes Pai waco eal ate AS ears 60, 520 ia 40 Oils eeeee cee Aclen we eeme ee er D 242176 2, 356, 601 | South Dakota. 

LC AY ER eS | eerie eer Fae ee nee AS I327 O75) Sener [eens Oe ee 104° 321) Glee 31 2, 329, 264 2,434, 085 | Tennessee. 
Se ee (a aE a ar pe bap eee | Sn S200 OGIe | =e ee See 8, 290, 061 | Texas. 
Sodasc aceite) ont in RS eee I Ra er NL egg IR (a ae eo ca [Og ee | eee oe (Me ce A) pe ea eee ore Utah. 

D055, 1010 eee eee ee ea ene SAivaifal |[o--oit odo Gl cere oe SRO RS Se a Ee oe ae en ee ae ees Vermont. 
SO gt 0,700 Meee eee eee eee = OR 70" 700m] Meee eee eee |e wees et ee Pros Tea pee eae Ee 331, 724 1,724 | Virginia. 
*6, 511, 680 044390 Ul Mee OUh7AalmnyA ROS eh 74 || Wee mnt uae |eean eee nee E #1) 295 8087 | | eel teen seeial| en A 825, 287 | Washington. 

BBE 241524 0G meee eee ee S| eae o ee ee 24115 OF | MeO |S EEE Gs eh ASA P| Ser eee See West Virginia. 
3, 389, 383 489 <436.:| Seo es a 3, 878, 819 TOON GLAD |ES522FC40580S: acme nen Re al Temes 2, 640, 898 | Wisconsin. 
OO 1520 (a eee eee lecarn ete, BOTS 20 7a | eee | nes Se ne Nee weer ta mes ee || eared |e eee Wyoming. ; 

ee es 5 121002 a | eee er |S) 72) (02h eeemeeeeeee eeeenen | ermeeesc ety ak | BURN ANA | 0 Ree oe re oes) District of Columbia. 

123, 420, 040 20, 855, 123 6, 271, 404 | 150, 546, 567 775, 185 57, 184, 330 | 15, 548, 262 | 26,363, 586 | 11, 374, 838 110, 471, 016 | Total.37 

17 Pro-rata share service of highway relief bonds, a State obligation incurred for improvement of local roads. 
18 Includes $767, 240, pro-rata share of temporary loan to general fund for relief. : : : 
19 For service of institutional construction bonds, $434,468; Department of Commerce and Navigation, $90,000; less credit’for excess allocations in 1934, (—) $120, 445. 
20 Appropriations out of general fund for highway purposes have been credited against payments of motor-fuel tax and motor-vehicle fees to the State general fund and 

prorated in proportion to net receipts not otherwise dedicated. f 
21 To State general fund after crediting appropriations for highway purposes, $37,614,987; New York City general fund, $1,495,568. 
22 For county roads under State control. 
23 In cities situated on State highways one-sixth municipal allotment to be used on urban extensions of State system. 
24 For service of general State debt. : 
% Differs from total in a previous table issued by the Bureau—State motor-fuel tax receipts, 1935—by amount of refunds, $57,009, reported subsequent to issuance of 

previous table. 
2% In computing adjustment, amounts loaned to general fund for relief purposes in 1934 and 1935 (pro-rata share, $3,622,384) have been included in the undistributed 

balances. 
27 For aircraft landing fields, $25,824; cooperative work other departments, $12,382. : : 
28 Differs from total in a previous table issued by the Bureau—State motor-fuel tax receipts, 1935—by amount of inspection fees, $181,605, reported subsequent to issu- 

ance of previous table. i : ; A 
de oa shown as payment to general fund represents proceeds of inspection fees paid to general revenue, $181,605, less estimated cost of tax collection and inspection, 

as given above. 
30 For payments on real-estate bonds. 
31 Service of general fund bonds, $2,116,489; Great Smoky Mountain Park bonds, $211,649; aviation projects, $1,126. 
32 For county roads under State control in all but 3 counties, $5,944,322; transferred to remaining 3 counties, $226,468. 
33 For aviation purposes. : 
34 Debt service charges on $10,000,000 emergency relief bond issue prorated in proportion to allotments for State highways, local roads, and nonhighway purposes, 
35 Includes $500,000 to State general fund and $2,140,898 to towns, cities, and villages in lieu of personal property tax formerly imposed on motor vehicles. 
36 Paid out of general revenue. 
37 See notes 25 and 28. 

Amount not reported. 
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DISPOSITION OF STATEAMG Toke 
[Compiled from reports 

For State highway purposes 

For Service of State highway obligations 
Net total Adjustments Expenses other evuube a leek “ir tla J toundis.| Net total | of collec- | admin- | Construc- 

State ESE ue to unc’S-| funds dis- | tion and | istra- | tion, main- ; < Total for calendar | tributed bal-| tinuted 3 | adminis figs t State State- Notes State 
year 1 ances, ete.? SS enance, | highway and es 
- } tration 4 pur- and Nolice State assuined ter highway 

poses 5 adminis- Pp highway local short: Total purposes 
tration ¢ bonds obliga- eprint 

tions loans 

Alabanmigae sees $38, 574, 151 —$1, 096 | $3, 573, 055 $349:.048) Neos soe one $2, 064, 145 $133, 664 So OLS | Seen sos |e ee ee $378, 015 | $2, 570, 824 
AYVIZOM has. o-- Sooner 848, 146 —15, 266 832, 880 149; 4662s ee 654, 658 2400 Wien eae MESS coed ee eae ae eee ee 82, 058 
ATrkansass 2 aes 1 “25520 101 Roe ee eS 2, 529, 191 (0s 484 eso eee 455, 460 86, 280 894, 005 $995, 067 $22, 895 1, 911, 967 2, 453, 707 
Califormians 2 sseu= 10, 562, 502 —618, 724 9,948, 778 | 2,028, 889 |__-------- 229312 082)" 2 0684068 uI-o aoe ees ae ee oe | ee | eee 4, 999, 845 
Colorado.22_2- 2, 200; Qa0 ieee eee nen ons 2, 206, 930 311, 620 $36, 067 42, 246 Vo os cee amesedssncee Aasesee sae cols ee oaeoee aaa eer 72, 245 
@onnecticntzo22- 22. 6; 1082244 Ea cee eee 6, 108, 224 855,090) |aa= sawn ae 2, 754, 987 320; O00; ees se ks eae eee Se ee Se ee oe ee 8, 079, 987 
Delaware____.------ 1, 072, 079 14 332, 606 | 1, 404, 685 46 654:|e eee 728, 974 67, 138 36, 652 1OD9001m | een 229,313 | 1, 025, 425 
lOniG as ee sseeeeres 4,904, ViEN So eee 4,954, 774 875, 204 V74, 204 | es oe oe deena seat a cea ceaee ete laea sas Aaa sa ae oe ean See oe eee ee | ee 
Georgian. = L248; 27S he oe oe eae 1, 248, 278 165, 024 45, 577 WG4s (23 '3||S2o— oe 2 ee ee Pe eS Se Ae ee ee oe 754, 723 
idaho. 25232081 es 1, 880, 085 —84, 256 1, 795, 829 57, 080 Nese seee 168, 325 63,060). jon o eee ea ee ee ie oe ere tll eee 221, 390 
Dinos: 2a ees 20, 437, 737 318 | 20, 438, 055 941, 341 304, 279 7, 508, 748 893, 175 9, 081, 120 O10; 1000 een ee ae 9, 457, 909 | 17, 859, 832 
Indians. sess =o 8, 154, 293 —53, 893 8, 100, 400 $39,447) =. eee 3, 182, 090 OSD 21. lacae eee one Sees oe oe | ee eee 38, 567, 317 
lowWs-eees et eee 10, 314, 046 —318, 374 | 10, 000, 672 OR SOR al eee ee = ae 45 449-800 csoae en een ees 4800; 0105 | bee 4, 805, 010 9, 247, 810 
WCATISHS sees Cs 3, 495, 576 —16,027 | 3,479, 549 200; 00s ataeee eee 1, 994, 335 DDL OO! cre a= eee DOIN STS aee ee ee 261, 815 2, 281, 309 
Kentucky 3, 491, 413 —13, 823 | 3,477,590 | 385,599 | 32,099 | 2,528 753 15,:132) |< 25 eae a NN cp One ze eee ee 2, 543, 885 
Louisiana 3, 563, 380 —11, 661 3, 551, 719 145-667 |2ce = 2, 762, 785 342, 477 300/800 || cee. Soo ee es 300, 800 3, 406, 062 
Maine eee 3, 236, 078 —1, 366 3, 234, 712 104, 556 12, 836 1, 786, 802 101, 552 S57, 21 SRS ee A eee ee 857, 221 2, 745, 575 
Maryland 4, 453, 440 —259, 198 4, 194, 242 246, 726 388, 403 1, 543, 461 260, 699 TD P4085 9S ses ees aaeen | rer nena 1, 140, 598 2, 944, 758 
Massachusetts__--_- Gi305 530 7el nose aoe eae 6, 305, 397 | 1,453,460 | 35,000 | 2, 328, 397 124, 208 O73 370g eae 9, 555 282,930 | 2, 735, 535 
Michigan = San. 17, 601, 108 133, 288°] 27,734,396 NL ues Gos! | aan en eee 250000: Va wa 2st | Ae ee a eee eo ee 250, 000 
Minnesota. -_--.----- 7, 215, 403 250, 274 7, 465, 677 417, 663 361, 246 2, 469, 424 43, 472 2, 122, 000 1962-8200 2a aea ee oa 4, 084, 820 6, 597, 716 
WEISSISSIDDIas—o= eee 1, 740, 856 459 1, 741, 315 SOxo00 Res ate 181, 307 1 I 19 an (ee, aR As pe Fy RP is Ee 2S ee 182, 464 
iViissournigess]-cesce S SLU 86) Sense oo <I EOROLL 6 A B54 Bin epee ee 4, 388, 842 111, 672 35,20, 0 He ane ae eee ee ee 8, 325, 857 7, 826, 371 
Montana onsen = 1, 381, 568 —37, 729 1, 348, 839 90: O07 sist She oes ere eee MD SO4O: | c ae ee ne eer ae, ee Lee ee ne | eee ee 72, 540 
IN @HTaAS Kanes eee 1, 999, 405 8, 154 2, 007, 559 otis ee Lig | eee 575, 191 125500! || 22 aoe. eae ee Pe > eee eee eee 587, 691 
Wevadsilce=.-- 2.5 263, 511 —17, 496 246, 015 22; OS eae ete 1538, 548 2, 742 G7j562), | sak oe een er 67, 562 223, 852 
New Hampshire_-_-_- 1, 691, 502 —4, 150 1, 687, 352 1.02043 jase eeee 1, 327, 734 136, 700 A953) | hones ee eee eee 4, 953 1, 469, 387 
New Jersey_-------- 16, 623, 763 |18 —4, 616, 491 | 12, 007,272 | 1,109, 227 |__________ 2,848,883 |e oe ane tae eee Jee See SO Sieh SP See eee 2, 848, 883 
New Mexico__-_-_--- 1, 117, 579 —13, 934 1, 103, 645 127,004 Weow ae nee 430 237+ \s a2 oS ool ean 2 ee eee re ee ee fae eee 439, 237 
New York 20_=_____- 43, 956, 507 —280, 983 | 48, 675, 524 | 2,345, 572 98, 071 6, 919, 284 665, 714 SOG TSS 0g meee ae ee ee 5, 061, 880 | 12, 646, 878 
North Carolina____- 6, 636, 748 632, 900 7, 269, 648 22, O43) seen 2, 177, 914 67, 910 2, 496, 203 N50 920 si 2, 647, 132 4, 892, 956 
North Dakota__._-- 1, 422, 695 —156, 431 1, 266, 264 83, 905 24, 674 216, 343 20; O00 sae SS eee a Boe eee ee ee ee 236, 343 
Ohigtsos ase nes 21, 535, 578 127825 | 207668; 40s5 tls 2 liso le see 4, 815, 160 TOO 002), | 2.2. Se ee eS ee ae ee ee et ees 4, 924, 162 
Objahomaee oss 3, 861, 366 —43, 073 3, 818, 293 287, 156 256, 016 4 284205) |e So ee es Se a ee | ee Oe ee ee eee 1, 284, 205 
Onegonke seo 2, 748, 249 7, 345 2, 755, 594 S18, 200 eau ee 1, 187, 778 61, 881 S74, \G30% | os erse ee Se ee ee 874, 636 2, 074, 295 
Pennsylvania____-- 28, 758, 933 | 27—1, 782, 890 | 26,976,043 | 1,391, 596 |_________- 21, 137, 536 738, 140 3; 090, SOSU Sat Ber eee | Pee ees 3, 090, 998 | 24, 966, 674 > 
Rhode Island__.----] 2, 900, 462 —1,494 | 2,898,968 | 259, 468 |__-____-_- 7s A Ga ee Priel Peer ea ee vb Ree Bye Mets aie, ROS 2, 269, 111 e 
South Carolina____- 1, 791, 050 —12,381 | 1,778, 669 UZ, 746) | eae 736, 191 149, 265 221, 424 499, 933 108 721, 465 | 1,606, 921 ig 
South Dakota____-- 1, 371, 026 3, 991 1, 375, 017 VAAGUSM) eee ooo 264; 7653 '\te Se ee ell Soe ee ee ee oe 264, 765 “A 
"PenMeSS6O n= one 3, 482, 317 —33, 989 3, 398, 328 214-089 \jppse= See. 2, 751, 490 190, 922 664765 ee ee 35, 488 101, 964 3, 044, 376 ¥ 
NexaSiu= see ee 15, 745, 897 —485 | 15, 745, 412 colt sega (| [Ee 4, 732, 671 SOS C04 | ao So = ra Te ie eee ie ee eee Pn ee 5, 040, 712 = 
Utahns oe ie eee 1, 070, 647 —233, 382 837, 265 99 OD ee ee ie ae ee ares eat em CES RT Wig eit ioe i Re a SE A 737, 500 737, 500 a 
Vermont= 2 = ses 1, 377, 241 1, 208, 084 | 2, 585, 325 44, 491 1, 366, 064 38, 749 501, 686 501, 686 1, 906, 499 ‘4 
Winging eae 5, 150, 755 9, 741 5, 160, 496 312, 404 4, 479, 035 194, 960 173, 469 1738, 469 4, 847, 464 2 
Washington_______- 05490; 208 ase see ee 3, 495, 253 341, 161 2, 635, 070 507, 098 3) cre ae ee Se ee eee eee ee 3, 142, 168 
West Virginia_____- A890 (637th ue cee 4, 820, 637 48, 459 1, 125, 795 29,277 | 2,973, 051 2,973, 051 | 4, 128, 123 | 
IW ISCONSID= = 2= sane 10, 897, 032 —326, 651 | 10, 570, 381 661, 541 41990" 520))| soe > oa ee eee 1, 538, 492 5, 738, 021 
Wyoming. 482, 893 —9, 414 473, 479 9, 470 287, 351 10, 658 166, 000 166, 000 464, 009 
District of Colum- 

Of ee Sep | OLON22 Gis a eee ae 910, 226 99, 172 635493 2-2 2 acs NL ee | a el os ates ater a ree eee ee ea ‘ 

Motal sea 318, 747,713 | —6, 239, 672 |312, 508, 041 |22, 537, 468 |1, 516,972 |113, 582, 228 | 8, 631,339 | 34, 840, 481 | 10, 783, 516 68, 046 | 45, 692, 043 |167, 905, 610 4 

i Amonuts for many States differ from totals in a previous table issued by the Bureau—State motor-vehicle receipts, 1935—which gives receipts of the 1935 registration } 
period. - | 

2 aun distributed during the calendar year differ in many cases from actual collections because of undistributed balances and lag between accounts of collecting and ; 
expending agencies. 

§ In many States the proceeds of motor-fuel taxes, motor-vehicle fees, and motor-carrier taxes are placed in a common fund from which the distribution is made. In these ; 
a ie eu distributed have been prorated in proportion to the receipts, not otherwise dedicated, from these three sources of revenue. See tables that precede and : A 
ollow this table. , 

‘ Collection expenses in many States include service charges deducted by county and local collectors. 
5 Where reported separately from collection expenses, funds allotted for collection of motor-fuel tax, payments to auto theft fund, and miscellaneous expenses of motor- 

vehicle regulation are shown in this column. 
6 Includes funds allotted for expenditure on urban extensions of State highway system, where reported separately from other funds distributed for local roads and streets. 
7 County or local obligations assumed by State as reimbursement for local roads added to State system. 
§ In States indicated by star (*) law provides that allotments for work on local roads or streets may also be used for service of local highway obligations, but amounts 

so used not reported separately. 
® Ina number of States allotments for local road work may be used on city streets. This column shows allotments which were reported separately. See note 6. 
10 To State general funds unless otherwise noted. Allocations to county or municipal general funds may have been used in part for highways, but such amounts not 

reported. 
11 To county and municipal general funds. 
2 For engineering expenses in connection with irrigation. 
13 Funds allotted to counties for use on both State and local roads. 
'* Pro-rata share of State highway sinking fund transferred to general fund as a result of refunding operation which replaced sinking fund bonds with serial bonds. 
15 For Confederate pensions and past-due teachers’ salaries, $190,755; prison camps, $317. 
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GMb ble bs, 1.93.5 
of State authorities] 

For local roads and streets 8 

For other 

For nonhighway purposes 

highway 

LESS For relief 
Service of (park and | | of unem- 

: forest To general For For other 

pete: elias ets hihear Total roads, funds 10 | Plosment | education | purposes Me 
local roads* | streets 9 obliga- ete.) tution 

tions 

ee er eee tt eres TS earn Weta Siegraris le es Meech beget OL . $an8\ 18g 
Be ME SOS B Raaime Fad ocho BON Gis ae |e iia RI ae RR 12 $1, 356 1, 356 

nee AN eee ee a eee ney el ne Co) Gre pete i a! ee IN os | 
REO VOT [estamos fe etn 802, 721 
ae enn oe ee 2, 174, 538 

Tae Het Cap el (aah eee ae ll OER ek ia Paseo ee 
1, 187, 635 1, 187, 635 
1, 272; 836 1, 591, 045 

bance PIP ee 9 O82, B54, 
516, 007 516, 007 

Sig SS Ee dice easy | be RRO SES A OTR ae Sa OSV Sa 9 MORE RE USEN SRIRAM RE ae Amn RERNUREL H7 
slp pel Se 637, 894 

1, 467, 761 1, 467, 761 $302, 030" |sa on enee ee AL iss Ur allt co ee ae [Se Sea 280, 711 
“NLU ORIG IA pee a ees tg ee a TOPO HONS bales see eee O16 Ole eee Aes) een oee ee ot keene 346, 751 
Lhe GSS RCS aR PE ie el, a Ge ee RIA iC et aoe bon er ih Den aes eae ane 89, 052 
errs Wee oe PIR rN |e eto ae ee Sea eC ae ee me es a a Se Rie 

lt thi sis | c DOSES SF pe ee ECO Tay Boe op 8 GBR Dc il © NE als TAY AES eee ae ER NOIR 
ieee te ee ee Veen CS PSIGh UG) ia oy Ge Mi Se ke See hee ed Se ee eee 

1 i ei eee Fae WONWoN Boe gS 0s er A Ae Te Ce eae (Say cake 
PAP AUS ese. Pr ipenacerlaes 040. 16)-( aii ee Pee Cm Bowie he tap Se 

146, 412 146, 412 EOS O0 AB an | Mme se ie we | ee a tee eon ete wan 390, 432 
*9, 168, 706 9, 168, 706 MeO TALG 5207) | Marae eor eR oka ten ats fos. 19, 416, 297 

a: ae eee esta Eas 
4 *15, 178, 280 15, 178, 280 bie e pee Lis ais Seer e 8) El) 98-980 690 239, 630 

*1, 990, 916 1, 990, 916 ee eee eee Ee | eae pe 
*356, 686 Bistee(oiae |) | ene ee ee Se Ot eS Se Eee ee eee eee 

ae Sa cls i 538, 919 pie ete ee (ace Bee ee es age ek 28 35, 538 35, 538 
SS SST Ret, SN |S Sale Ee I (ie eh a RR er eS Srang. (Meee es ce 370, 389 

“> TOTS Ta liy ft Raa eme ees ia aca ie 1090, 101- lw Sica Sis ee NE rea) or He Sle sc. foe a era 
= Zar See ee Se A pera ere scc ar pret LSS 5876) |e ee ae 29 1, 487 139, 863 

RTE Gl Ree ie Dees SE I TEE, han Be 0) Capit, Se iS Reatal  aG  PegeainnEN Lae Meet ie! nae oem as 

1 CSS Tl ie eel AR NE eee ea aa (EUSE 9 Des Be) AFC ORO meen MER aces weenie weeseceeenags 

re est ee eee en meen ae Rena 12a Si et, Stag fle ee ne an. feta necaean|o-nce-dueee ce 
WG Bea ia fe eee eek 2 tl i ee GEE GSEs eS eee USER Se ees 2 | Ea es oe ee eee 2, 392 

2, 277, 770 598, O15)| 6 sae 2, 606, 685 PRET Cpe a PES! |e A ae eR I i 1, 438, 748 

coe en Ae ELA SC A Sal Ss es a ON, Sanne Ay a (een Re RRR aia ae 747, 561. 

83, 035, 093 1, 852, 451 1, 269, 288 86, 156, 832 481, 488 26, 759, 863 1, 369, 738 4, 405, 359 1, 374, 711 33, 909, 671 

State 

Alabama. 
Arizona. 
Arkansas. 
California. 
Colorado. 
Connecticut. 
Delaware. 
Florida. 
Georgia. 
Idaho. 
Illinois. 
Indiana. 
Iowa. 
Kansas. 
Kentucky. 
Louisiana. 
Maine. 
Maryland. 
Massachusetts. 
Michigan. 
Minnesota. 
Mississippi. 
Missouri. 
Montana. 
Nebraska. 
Nevada. 
New ‘Hampshire. 
New Jersey. 
New Mexico. 
New York.” 
North Carolina. 
North Dakota. 
Obio. 
Oklahoma, 
Oregon. : 
Pennsylvania. 
Rhode Island. 
South Carolina. 
South Dakota. 
‘Tennessee. 

Virginia. 
Washingon. 
West Virginia. 
Wisconsin. 
Wyoming. 
District of Columbia. 

Total. 

16 Pro-rata share (approximate) of debt service on nonhighway portion of Emergency Public Works loan. 
17 Pro-rata share service of highway relief bonds, a State obligation incurred for improvement of local roads. 
18 Includes $4,594,247, pro-rata share of temporary loan to general fund for relief. 
19 To State general fund, $146,412; to county general funds, $244,020. A ee = 
30 Appropriations out of general fund for highway purposes have been credited against payments of motor-fuel tax and motor-vehicle fees to the State general fund and 

prorated in proportion to net receipts not otherwise dedicated. 
21 To State general fund after crediting appropriations for highway purposes, $15,213,905; New York City general fund, $4,202,392. 
22 For county roads under State control. 
23 To real estate bond and interest fund, $900,000; Bureau of Criminal Identification, $5,000. ‘ 5 
24 General law provides that this allotment shall be used for highway purposes. It is provided, however, that during 1933, 1934, and 1935 amounts shall be paid to counties 

and townships for other than highway purposes, equal to amounts which would have been produced by the 1930 levies on personal property for other than highway pur- 
poses. Amounts so diverted not reported. 

2 Allotments to municipalities not reported separately for 1935. 
% For hospitalization of indigent persons injured in motor-vehicle accidents. 2 4 : : 
27 In computing adjustment, amounts loaned to general fund for relief purposes in 1934 and 1935 (pro-rata share, $3,717,186) have been included in the undistributed 

balances. 
8 For aircraft landing fields, $24,021; cooperative work other departments, $11,517. 
20 For aviation purposes. 
30 To cities. 
31 To towns, cities, and villages in lieu of personal property tax formerly imposed on motor vehicles. 
32 To District of Columbia general fund. 
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DISPOSITION OF STATE MOTOR- 
{Compiled from reports 

For State highway purposes 

; Expenses * : Pees 
Adjustments Service of State highway obligations 

Net total Te toun- | Net total Liane Construc- 
State receipts of | distributed | funds dis- | “Ctl tion, ae Total for 

calendar | ‘balances, | tributed? | .4°Gi¢. | mainte- | pir State | Notesand State 
year ete, + ates - | nance,and | U8 rhe State assumed other highway 

rauon | adminis- | PUCe | highway local short- Total purposes 
tration 3 bonds obliga- term 

tions 4 loans 

Alabama. -icsce-5oseseoetee ees $109, 592 — $14, 335 $95, 257 $23, 142 $04,;740) J otoo ks sae) ccc se an| eee ecee.| ot ea none heel Caen eee $54, 749 
ATIZONG 5. oo en so sos eee 122, 394 —3, 246 119, 148 10, 653 103, 930 $4,360 | 2ece. 3-2-2 |poken cos ous|aoomos oe ces| Seenaeee nee 108, 280 

BE = Wer he ee te 2.038 |eeseee ones 302, |Seenn senses $769 $857 $20 $1, 646 2, 038 
661,925 | 2, 676, 586 380, 038 2G KS 18 ae ee eee 460; 0002 Seon eee loco ee ee 460, 000 736, 818 
—33, 942 260, 531 40, 432 141.314, | eos 2-5 2s Sedan eee ne Sete eeeeee || soe ee eas | see eee eee 141, 314 
—16, 059 {51915 a) neee eee ABS EAQ NWR See S| Sain BS 2s it aaa | Aner | AR a ee 48, 540 

Pee FAI 221, 216 AT ODT Soon SN MORN Soe OE wa | Sea aN eee eae | a | 
—37, 694 261, 011 133, 475 93;'996| sae = fo eee ee a ee ee ee ee eee 93, 996 
—28, 845 48, 386 20;480 | Scscaesees- 27; 906: | {Set 2 See Sees ee eees | eon eee ee eee 27, 906 

—267, 921 245, 862 69, 774 176, 088: |= 22.2ce5255|s-2Ssscbs eee ose coe [eee ee, |e eee 176, 088 
—9, 449 421,970 |" 112,936 \|sccces. Se) e oe 8 Ee ee a | eed | eee 

1, 730 869, 722 227, 583 346, 647 44,919 |_ 44,919 480, 429 
—80, 050 189, 934 74, 985 114,664" P< 285i] 225 202 OS SSE | Sacre eel | eee 114, 949 

eed, Behe 1, 142 1, 149: [osco eo ae | Soe nc ck | eS | re ees |e 
gr ee ee kote 20, 288 90, 288° | ssc. 252228 Ac Ele al) Ae St en eal] See alee) | Soe 

ee ee eee 64, 815 81,127 [Sacco ck eek. | Soe Soe ee See ee | eae eae | bot eens cee eee ee | ae 
Michigans 205252 soe see eee 387, 171 —298, 939 88, 232 87, 102 [2.2.2 k a ek ae eee | See 2 ee Se ee ee ee 
IVEinnesotat sess. se eee eee 18, 798 230 19, 028 19,028: | cl sseseni sc] south as sense|secscelaoce| se caceaccen oS eeae pees tenons aa eees | aa 
VELSSissip pln eee ace see eee 100, 250 —4, 946 95, 304 1,'800: |/Acos Rese bate cae oe aes Se ee | ce ee ee ee 
IMissourisseos = ee ene 447, 609 40, 082 487, 691 64, 893 217, 358 5, 530 164710 2s | eee 164, 710 387, 593 
Montana 25 eee eee 22, 164 —38, 695 18, 469 18,469 |i 2 52a oak ec ee Sea] 8 fo eee ate eee ee ee toe ee eee 
INebraskalts aes ..= eee QO) 7 OY 22S 2e58 ees ee bee Soe a Ee ae ean ee See See ele ore ee eS ee cee: en es ee | ee 
Nevada ses on eee eet 10259105 | mene eee 192, 310 8, 553 180, 532 Py lil eects enceae | chai. ah es ey sie eee OT ee 183, 757 
INGw: Hampshire sess see ee OER ort eee eae 2, 821 2, 821: |S eo 82525- se) sees seca A), a | oe | Se 
ING WJ Orse ys eoee ae eee eee 84, 253 15 —28, 292 65, 0610 | 2assseeeee= 18; 564" |sotssesha Siecle Set Sees nee boo eeee eee ce ae eee ee 18, 564 
New Moxicol22. 2 S225 2 87, 001 —3, 397 83, 604 11, 400 59, 470 12, 734 72, 204 
ING Wis OLK See. aean ee eee ee MM) eee eu hS SEs) case accce Son Sakseecee ce [Ree re Se | ee re Ser a a er | Se eee ee es re me | 
NorphiCarolinagerss: se- eee T3268 7 eee ee eee 13268 7m aeeeee ne ee 41, 595 1, 297 93, 447 
NIGEL ID ao te eae eae eeeeenn ene! 52, 373 —28, 936 23, 437 98,487 | Sosecng Sut eace ee eee bs 2 |e ee | See ee | eee | 
ODIO NSS wer eeke ra £ TQ S140 | oe sean ee eee 727, 874 155, 240 439, 881 9, 958 449, 839 
Oklahoma...._ = 796, 776 —19, 349 777, 427 37, 126 (40 30) | Caetano ee E 740, 301 
Oregons sae eee Z LAR Weel 32, 485 784, 662 100, 380 316, 787 22, 902 583, 211 
ROnNnSVIVoriaeemee ce o> eee eee 7, 635 17— 430 TEDOG eee 5, 119 178 6, 043 
Rhodevslandss ]=.s2e2 seese ne 14::976) |jpaeee nee ee 14, 976 14,976: [222-2 < es Se | ee | re ee ee ee ee ee 
South Oaroling === ss aes 87, 882 —3, 499 84, 383 16, 347 60; 7619/2322 560 2 Soe ee ee | eee oe oe es eee ee | eee 460, 761 
South Dakotassss ana 312, 435 66, 413 378, 848 28, 200 330) 70D |evecs a sce te st ce mck | eo re car | (nia | 339, 701 
Mentesseo ats eee 265, 537 20, 608 286, 145 62, 341 1355260) |e 3; 260" Sa ee 1, 745 5, 013 140, 282 
OXaS 2.) 52 eee eee eee 64, 586 —700 63, 886 54, 404 9): 482° | 2225 S5s8b aetoce soe es | SAE See ee |e ae ee ee eee 9, 482 
Utahil2 2a eer ances 267, 412 1, 408 268, 820 31, 439 228, 530 SASL | Meth ee | See | eee al See 237, 381 
Vermont se 8 eae ees Ql Neekscubecceeec}hcekie clk] aceon SSE ee I oa | ee | | 
Virginia See one eee 138° 460] Beene eee 138, 460 19, 914 92;.049: |yiccscee ee ee ee | a A ee See 92, 049 
Washinetontsss2--= eee eee 186,267) 22822 eae Seen oe 186, 126 186).126: |secos62222 So) oe | ee a ee Se en ee ee 
Wiest Virrinia:= = ase eae 60,'632)| Soaeeee ees 59,632 |c-seee eee LD 20 eee eee 41} 5360| See es | eee 41, 536 57, 265 
Wisconsin. 2 Se sane ne eee 1, 429, 481 —15,446'| 1,414, 038.) 404, 364))|- 25. 20-2 | ee ee | 8 |e ee | ee | 
Wyoming? See ses ee eee 138, 268) Seeeneeeeeeee 138, 268 23, 271 112, 356 2 O41 (Crees oss 5 se |e Se | ee a ee eee ee 114, 997 
District of Columbia_._..-_-__- 166, 982)| sets -Betoee 166; 982:|ccoocceet- 5 | acces cece | Pe eae a ae |e | 

Totalicues a= os. sescee see 12, 421, 383 —74, 289 | 12,347,094 | 2,570,463 | 4,370,617 188, 720 962, 224 48, 658 1,765 | 1,012,647 | 5,571, 984 

ae sae distributed during the calendar year differ in many cases from actual collections because of undistributed balances and lag between accounts of collecting 
and expending agencies. 

2In many States the proceeds of motor-fuel taxes, motor-vehicle fees, and motor-carrier taxes are placed in a common fund from which the distribution is made. In 
these cases the amounts distributed have been prorated in proportion to the receipts, not otherwise dedicated, from these 3 sources of revenue. See preceding tables. 

3 Includes funds allotted for expenditure on urban extensions of State-highway system, where reported separately from other funds distributed for local roads and streets. 
4 County or local obligations assumed by State as reimbursement for local roads added to State system. 
5 In States indicated by star (*) law provides that allotments for work on local roads or streets may also be used for service of local highway obligations, but amounts 

so used not reported separately. 
6 no State general funds unless otherwise noted. Allocations to county or municipal general funds may have been used in part for highways, but such amounts not 

reported. 
7 For engineering expenses in connection with irrigation. 
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CARRIER TAX RECEIPTS, 1935 
of State authorities] 

For local roads and streets 5 

For other 

For nonhighway purposes 

highway 
purposes ; 

For work | yor work | Service of (park and cde | 
on county on cit local forest To general loyment For For other Total 
and local eroaty highway roads, funds 6 7 sete education | purposes 

roads obligations etc.) tution 

i ei) ae = ae ot ee S17 COC n| See ee es nee eee eee wee | oe ees, Sole oe Sore fe ek meee oo lacccnn eeest en. 
ee ee ee ae ee came [nual eanceeac|o> socneSeusea|sosescccoees|oosa-8 Satecce ao fo estas nL enstencs 7 $215 $215 

aes pee ee el ars 5 A lad £977; DD es BOR TES), 268170) (ea tee ede cP Pd 340 Fm 1,289, 510 
Urbs elite| ee 2 el ee aes Ae Og | ee ee ec | an ER SACS ae tn Ce ee | ee a 

Be ool a cose a neseaaaees mane ence weccceccuwaccllacaccccoscue AUS ey (i), | Lease ee a ee eee Ea a 103, 375 

emater eee ee. os | 2S $161, 635i a4 B61, 886 |ececuastec fh wet iS. 2560s SOLA |, 8 $4108) rea oe 18 44 
ee ee See ee a ed a 306) cee eee LON Oona eee | to cae 12 22, 442 

SC) Lee ee SORES rite SIMU AEs aos Rea ORCS 8) wall aia ee A RS We Coe ee ee nn TS 
TOUS 710 ete tao. Socal sccw ce eeustt 161;:710).| 25 Sees ee OE eas See eee ees 

eres. SE Rie el aang 27, 688 |_-..-- 
ere tee te |e eee eon too eSe~ sss | aecwonse Secs scacbou cates 1 0802 |e ee a Ee ee Sh 

Sor 2G oon oe to eo | inh 03, 20 See ee 716: | ge peas 
we enn een mene [ce en ewe ewe | - - - - - - - - - -- 

Raa aos lata eenostuseelasenanee wae s | saa vase ease | ema ewan cada | amo ese nese ese lene ae eee eee |e ance ses sees |e cae ete eew~lennnece—asansas 

29, 876 37, 397 maw wee eee ween) fy OSL | ON ONE |e ee eee eee | ee ee ee ee ee | ee - | ee ee ewe |---| ee eee 

-. eatin (en NN de scatccce sss eit Man 2d 008 Wee ce rl? 16,212 ae dcassesees|esepscocsa-f wl 8) 212 

122, 795 122, 795 

*99, 311 60, Sy MIC TCONIE Seti teernnn hl Cemen (ose te Thc Ne Jue ee | sees. 
Pere 3. 130 1, 032 

anew Fane aw CES oe Pee | oer eg ease IPSOT ENE A SRT she AD ee Wate sl ae MOTOR 

ve POMEL) Sie al a ee OT amas 

ween - - - - = | on ee ee | = ee - | ee ee | ee oe = | oe en ee | = | a en we | ne le ee ee ere 

16 2, 367 
1, 009, 671 1, 009, 671 

20 166, 982 166, 982 

2, 761, 522 1, 261, 232 169, 056 1, 430, 418 2, 713, 451 4, 198 

State 

Alabama. 
Arizona. 
Arkansas, 
California. 
Colorado. 
Connecticut. 
Delaware. 
Florida. 
Georgia. 
Idaho. 
Illinois. 
Indiana. 
Towa. 
Kansas. 
Kentucky. 
Louisiana. 
Maine. 
Maryland. 
Massachusetts. 
Michigan. 
Minnesota. 
Mississippi. 
Missouri. 
Montana. 
Nebraska. 
Nevada. 
New Hampshire. 
New Jersey. 
New Mexico. 
New York. 
North Carolina. 
North Dakota. 
Ohio. 
Oklahoma. 
Oregon. 
Pennsylvania. 
Rhode Island. 
South Carolina. 
South Dakota. 
Tennessee. 
Texas. 
Utah. 
Vermont, 
Virginia. 
Washington. 
West Virginia. 
Wisconsin. 
Wyoming, . 
District of Columbia. 

Total. 

§ For service of county and city bonds. 
® Funds allotted to counties for use on both State and local roads. 
10 To cities and towns. 
11 No special taxes on motor carriers reported. 
12 For Confederate pensions and past-due teachers’ salaries, $22,405; for prison camps, $37. 
13 Receipts from weight tax on motor carriers, $5,154, included in motor-vehicle receipts, preceding table. 

18 Adjustment includes $29,937, pro-rata share of temporary loan to general fund for relief purposes. 
16 For county roads under State control. 
17 Pro-rata share of temporary loan to general fund for relief purposes. 
18 To counties and cities. ; 
19 Aviation projects. 
20 To district of Columbia general fund. 

14 Ton-mile and passenger-mile taxes paid by motor carriers in lieu of registration fees included in motor-vehicle receipts, preceding table. 
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{Compiled from reports 

For State highway purposes 

Net total Adjustments eee ee Service of State highway obligations 
i ue to un- i Construc- 

State erate ae distributed | funds dis- wee tion, Total for 
Setar balances, | tributed | saminis- | mainte- | bate State- | Notes and State 
y etc.? tration 3 | nance, and} "i 17e8Y | State | assumed other highway 

adminis- police | highway local short- Total purposes 
tration 4 bonds obliga’ tel 

tions oans 

Alabama. 3% asses eee eee $13, 996, 855 —$18, 499 |$13, 978, 356 $445,179 | $5, 853, 965 $172, 9647S) 728, Bld. lane aoe anon | eanee eons $1, 728, 513 | $7, 755, 442 
Arizona2 2262225 ee 4, 249, 138 —18, 512 4, 230, 626 200, 065 2, 740, 164 114, 688 ts sdeatsa|Lsocdeccwacacs sence coecoul aeaeus Seen , 854, 852 

ATKansashoct Sirs coce= soe ee 10, 793, 136 —165, 798 | 10, 777, 448, re a aa a , = a 3, ie vel $4, 055, 430 $93,311 | 7, ee oe an Eh a 
Oaliiormniqh 2 ets ee eee 52, 561, 118 —2, 317, 466 | 50, 243. 2, 541, 6 i. nd OS, ot 460; OOO Sees eee ee | pean oe : fs , 
Colorado... cis te eee 8, 510, 936 34381 | 8,476,555 | 486,253 | 4,456,691 | 73,128 |_---.- RY ORE ENS ORR RS es 4, 529, 819 
Cornnectictt.cse2 see eee 11, 948, 042 —175, 283 | 11, 772, 759 894, 699 8, 275, 147 825, 000) Seceate os loocese teas sa ene can bee eee 8, 600, 147 
Helaware..62..-s8f2 = 2, 553, 898 14 §61, 169 3, 115, 067 52, 730 1, 778, 079 163, 759 89, 400 469, 930 i ancoweten 559, 330 1% 501, 168 
GUIOTIC Atese cy ae eer eee 23, 072, 962 —10, 813 | 23, 062, 149 617, 069 7, Se ae 58,967, |e owas cee 2, 002) Sei alnoe ene ae 2, 552, 247 ® ae ee 
Georgis {se eee 17, 318, 706 —37, 694 | 17, 281, 012 816, 257 8, 345; 28842 oe LOSE ee ce oe See lecnnceaetecieeeke eee ; 3 
Tdahe ie 5 ae Redan ates yh Se 5, 081, 613 —118, 426 4 963, 187 88, 457 3, 069, 880 80, 971 2071250. s nko nnn ene | sosaeeenaee 207, 125 3, 357, 976 
Lilinois: +222 Se See 50, 823, 119 29, 032 | 50,852,151 | 1, 566,129 | 17, oie ee oe a 9, 081, 120 816,,(80) |oanccese ees 9, 457, 909 ae cr es 
PndIgng ts See a ee 27, 930, 395 —321, 814 | 27, 608, 581 | 1, 057, 934 | 12, 226. | das sa cecee Rea ach ane seees ence. ase ae ) : 
TOWRA eee te ee eee 22; 294, 583 —317, 823 | 21, 976, 760 957, 916 16 503, 053¢| 3522 sees oeee anne pal WE ily oy (0 (a ee 8, 114, 757 | 15, 617, 810 

JC AmSAS = Avan tr meas aes eee 13, 324, 758 18, 992 | 18, 343, in 865, 555 iv ey sie BO) oe SESE 7000) 0008 | Seerees === , 000, iw ple a 
Kentucky................... *7"| 13, 597, 315 —62, 475 | 13, 534, 84 541, 190 fri 5d Ra aad WR aN ME IE ot eS ’ ATT, 
Dctisiann 5 eee ae 12, 981, 491 567, 004 | 13,548,495 | 208, 7994) 2, 762,785 | 342/477 | 8, 365, 250 8, 365, 250 | 11, 470, 512 

Aine eee eS ne ae 7, 829, 193 —2, 424 7, 826, 769 152, 552 4, 398, 749 250, 000 | 2, 110, 307 2, 110, 307 6, 759, 056 
Maryland... 2:12) SS Se ware 12, 731, 465 —259, 198 | 12, 472, 267 336, 460 4, 519, 627 260, 699 | 2, 521, 146 2, 521, 146 7, 301, 472 
Massachusetis=: 222. ¥-neaseae 23, 704, 302 2, 824 | 23, 707,126 | 1, 575, 587 6, 092, 412 325, 000 715 305 740, 305 Vy AST, teas 
Michigan 20S 2 = ae 40, 778, 840 —189, 127 | 40, 589,713 | 1, 385, 9380 | 12, 465, 565 250, 000 | 4, 082, 060 4, 082, 060 | 16, 797, 625 
Minnesota. -_- _| 18, 596, 459 214, 920 | 18, 811, 379 964, 633 9, 736, 775 171, 409 | 2, 122, 000 4, 084, 820 | 13, 993, 004 
Mississippi... “"] 9, 353, 476 —7, 729 | 9,845, 747 |. AST, 467:| 4, 440,754]. 297, HOG ge ee ee ee 4, 477, 260 
IVEISSOUTIS ee ee ee ee 18, 604, 696 104, 781 | 18, 709, 477 705, 464 | 10, 076, 478 256, 391 | 7,635, 939 7, 635, 939 | 17, 968, 808 
Montana. -sosee one ee 5, 248, 274 37, 340 5, 285, 614 128, 967 3, 100, 035 72, 540 804, 640 804, 640 3, 977, 215 
Nebraskans oe se ree ee ae 11, 808, 139 1,126 } 11, 809, 265 172, 935 5, 945, 800 12; ‘500. 22 OC Ss |e ee eee |e 5, 958, 300 
INGV Ada ies oe eee eee eee 1, 417, 861 —17, 496 1, 400, 365 32, 666 1, 268, 052 22, 813 67, 562 81, 834 1, 367, 699 
New Hampshive: - S22 22s. 4, 562, 489 210 4, 562, 699 109, 914 8, 298, 487 136, 700 731, 848 731, 848 4, 167, 035 
INGW. Jersey. <2 2. eae 34, 913, 118 | ?2—6, 032, 485 | 28, 880, 633 | 1, 194, 186 B O48, 21 ee eee 7, 597, 651 7, 597, 651 | 10, 940, 862 
New Mexicd.. 2). 2. eee 4, 082, 185 —17, 331 4, 064, 854 201, 289 1, 800, 291 12, 734 | 1, 513, 696 1, 513, 696 3, 326, 721 
INO WIYOLK 35) 2 2 ah ee 100, 267, 752 —114, 118 |100, 153, 634 | 2, 536, 357 | 11,944,018 | J, 149, 150 | 8, 737, 780 8, 737, 780 | 21, 830, 948 

NETIC ee ee ae "2708, 455 | —187, 978 | Sol0.a7? | terole | 1730.84 | agen | a ee L708, 348 North} Dakota 2-2.) see , 798, 455 —187, , ; i Pal Jak 3 a Deceit eee | eee ma gel (aber ag ee | Pe Ne , 766, 
Oni g ees yen eee ee 61, 432, 603 —1, 226, 714 60, 205, 889 | 1, 660, 017 20, 909, a ATS AAG, |e eee es | ee ee ee ee * -, ay 
Okidhomaci.-. 2 oe eee 16, 535, 293 —387, 209 | 16, 148, 084 817, 841 6; 986338; ||| o-oo hn So eee ale oe eee eee een oe ee it y 
Oregin. o. -. ee 11, 443, 279 —59, 695 | 11,383,584 | 444,799 | 5, 103,775 | 283, 256 | 3,923, 301 3, 923, 391 | 9,310, 422 
Pennsylvania. .- -| 69,418, 399 | 33—1, 289, 503 | 68, 128, 896 | 1, 601, ae 43, ey rr 1, 531, 849 | 6, aan pu 6, ae fe a Hr aA 
Rhode Island__-.-.-...--.---.. 5, 021, 642 56,865 | 5,078,507 | 201,417 | 3,813,464 |... __ ; 115, 
South Caroling=-., ee ae 10, 644, 681 —82, 657 | 10, 562, 024 236, 095 4, 318, ye 149, 265 | 1, 339, 386 4, 364, 122 e ee, Nee 
South. Dakotas --sase ee ee 5, 998, 880 94, 483 6, 093, 363 144, 228 2; 482. 438 s| 22 See Bee een ee te oe aller ee ee ee , 482, 
TD ONNESSGo ate So ee 18, 663, 870 221, 397 18, 885, 267 427, 024 4 990, 330 190, 922 120, 100 6, 386, 543 | 11, 567, 795 
TOXAGT Se ea Ee eee 49, 416, 568 —87, 991 | 49, 328, 577 | 1, 285, 306 | 21, 345, 965 308; 041 ol soe Se see 8, 290, 061 | 29, 944, 067 
Utah: 22 Ses abl Se eo 4, 052, 400 —261, 315 3, 791, 085 139, 204 2, 805, 713 108, 668 737, 500 737, 500 3, 651, 881 
Vermont. 2 ott 6 ee eee 38, 425, 886 1, 427, 761 4, 853, 647 46, 691 2, 584, 430 73, 309 949, 131 949, 131 38, 606, 870 
Virginig= = st eee eee 18, 629, 720 —187, 428 | 18, 492, 292 525, 363 | 10, 922, 651 194, 960 649, 679 649, 679 | 11, 767, 290 
iW ashinic tones seen = eee! 165-240; 758 oe secon ons 16, 249, 758 aa 971 6, ol 974 Me pie ae oe ; oe ba ee pale 
West Virginia.................. 10, 983, 210 1,741 | 10, 981, 469 1,997 | 2,744) 582 977 | 7, 248, 248) ’ 021; 87 
WiSCOnSIT eee 5 ee eee 28, 576, 260 -1, 168, 044°) (275408) 216" 18312866) | 10.485, 08a ae. see Seon eee hed ts 7a | EE oe 3, 815, 721 | 14, 301, 529 
Wyoming Ne) Shia 2, 553, 073 80, 989 2, 634, ae ae 792 1, 669, 285 45, 778 hos O00 Wee eee 278, 000 1, 993, 063 
District of Columbia__....-..-- 3, 274, 417 374, 793 3, 649, 21 62, 665: |<. see Set Se see SP eee eal cee owen enn | eae eee ee ne 

Totalyse see oa “950, 971, 158 | —10, 535, 048 |940, 436, 110 |31, 761, 144 |375, 989, 5388 |12, 104, 762 |93, 420, 736 | 36, 362,951 | 4, 251, 573 |134, 035, 260 |522, 129, 560 

1 Includes receipts from (1) motor-fuel taxes, (2) motor-vehicle fees and fines, and (3) special imposts on motor vehicles operated for hire (motor-carrier taxes). Sve 
preceding tables, which give distribution of these three classes of receipts separately. 

? Amounts distributed during the calendar year differ in many cases from actual collections because of undistributed balances and lag between accounts of collecting 
and expending agencies. Adjustments also include deduction of receipts not classed as highway-user imposts as follows: Proceeds of tax on gasoline used in aviation in 
Idaho, Maine, Michigan, Nebraska, Oregon, and Wyoming, and proceeds of tax on nonmotor-vehicle fuel in Ohio. 
- 5 Includes expenses of collection and administration of motor-fuel tax, motor-vehicle fees, and motor-carrier taxes, and miscellaneous expenses of motor-vehicle regula- 
ion. 
: ‘ Includes funds allotted for expenditure on urban extensions of State highway system, where reported separately from other funds distributed for local roads and 

streets. 
5 County or local obligations assumed by State as reimbursement for local roads added to State system. : eon 
6 In States indicated by star (*) law provides that allotments for work on local roads or streets may also be used for service of local highway obligations, but amounts | 

so used not reported separately. 
7, In a number of States allotments for local road work may be used on city streets. This column shows allotments which were reported separately. See note 4. 
8 ne State general funds unless otherwise noted. Allocations to county or municipal general funds may have been used in part for highways, but such amounts not 

reported. 
® To county and municipal general funds. 
10 For engineering expenses in connection with irrigation. 
11 For service of county and city bonds. 
12 Funds allotted to counties for use on both State and local roads. 
18 To cities and towns. 
4 State highway sinking fund transferred to general fund as a result of refunding operation which replaced sinking-fund bonds with serial bonds. 
15 Includes $8,256 to cities and towns. 
16 To Division of Airways, $15,616; Dade Memorial Park, $818. | 17 For Confederate pensions and past-due teachers’ salaries, $2,000,000; prison camps, $3,322. | 
18 To ports of New Orleans and Lake Charles Harbor for harbor improvement. 
1° To Conservation Department for oyster propagation, $75,000; Chesapeake Bay ferry companies, $48,727. | 
20 Debt service on nonhighway portion of emergency Public Works loan. 
*1 Service of highway relief bonds, a State obligation incurred for improvement of local roads. i 



December 1936 PUBLI CE ROA D'S 

IMPOSTS ON HIGHWAY USERS, 1935 
of State authorities] 

For local roads and streets § For nonhighway purposes 

For other 
highway 
eee For relief 

For work _ | Service of park an Ly Se State 
on county F Rid Hs local Total forest To general oe For For other Total 
and local ont iA highway roads, funds 8 18 esti Education | purposes oie 

roads SUIS obligations ete.) ES 
tution 

$5,124, God acme eneaates eae o ese $5; 1246520 | Peer eres W DOOD 1 Oan eeea nee er eee eae | sec oe $653, 183 | Alabama, 
BOSS Gin | seme nee ee ae ee cee, O83 SOO" | tee se eects | cena oe eee $186;166 (|e ee 10 $5, 677 192, 344 | Arizona. 
SZ (ols eee a ee $81, 738 tah Beni) |S SC ee ee ee Sea ee eee (eee eS Arkansas. 

*15, 707, 322 SISZ Glee ee soe eee 10;;889; 4830/2 asso Cee aE e2OS sel) | ak eee a ee Aes 1 14, 340 1, 282,510 | California. 
TALS 2008 ae eee en | eee ee 256105 200K eee eee eee. Cele |) ME SPSS CTT IN epee oe ae! |e er 984, 277 | Colorado. 

2174, DOSa te see Motes a sete eee PHAWE ite Hoe EAE ES a #3103, 0008| Seaanee etcen [owen een oo eo eh owes 103, 375 | Connecticut. 
pe Ele SON a Ca (ae MRO SD al Une lye Net cy piped. MDD Paget Ak eae a TOR alga Gis iy bs ee 8 Ae be ES ee as ee 561, 169 | Delaware. 
Been bee 5, 266, 030 5, 266, 080 |.._-.-------| 15 2, 560, 504 $4, 409, 557 16 16, 434 6, 986, 495 | Florida. 

DibSY BIG" (ea Bat ante atc  e 2-687, 840 fretete coset 963, 349 2,615, 477 |17 2, 003, 322 5, 582, 148 | Georgia. 
<A ot Sag 2 US a ge Ge ee LAE Maier dat al | eed ee | a ee oe | ae eS, ees eid gee pe ane ae Idaho. 
*7, 756,878 | *6, 596,832 |...--------- 12 53710 eee 289, 237 Beier 003. cco secne. 7, 505, 978 | Illinois. 
8, 785, 708 25196, 4270 \t oe eae HONIS 25135) | eee es eee 2 Ao, Ls alec eee re. | Seeeek soe one |b. Set ee eo 2, 434,017 | Indiana. 

VAR BU ae ot bee eee (ae ee AC Ue Op Mem te cece ees | ree ec ee | = once ee eee ene ee | ete be Se, eee Iowa. 
35,000) 000 aceon coe se |asae ae cess 3G; COO O00 S| Ene aeeee tos essa ome s sa |t oe eet peers Le OSs ees | Pee, oe Kansas. 

i 516, 007s | Beate cet ee ve lees eee om CUNO U8 Nie eee eel Ree Re a ee ee ee ee he a ey ee eee Kentucky. 
es ae 8 ea a | eae — S| ee) ee ee ee ere re eee aera 1, 869, 184 | Louisiana. 

OTR Td aaah eee SO EE at DEE TGre Me Sere re eee on eee Wet i ee Shoe! ek | eB Maine. 
779,019 | 2, 950, 062 19,1065 4, 874, ISTH tao es 12, 960 326, 461 463, 148 | Maryland. 

By S40" DOD a eee eee omen we eee 3, 840, 500 $871, 134 9, 527,688 | 20 734, 500 10, 262, 188 | Massachusetts. 
co A ee 7 aS OA ee (GEE PO 058 007 ke are REO ig (ey AS oO RS a CRE 352, 161 | Michigan. 
53697, G44) (ence ce eee es eee See 3697, 64405 eee ee 5G; OOS: [ae eee ee a ae eae 156, 098 | Minnesota. 
FA 680, 245: |= ea eet eer Oa ASCSOCDAG | Rename nent rif poten, aed SOS ee ie 775 | Mississippi. 

30,200) |S oes oan tae eee ce enone Og BOO ae ene eee | meee ete ete all ene re the as ee fom as i ee Se Missouri. 
1, 151, 818 25,0045 | Saeee 2 EES DMSO F832 yes eraes se eee eee |e eee oe ts | net Bok St cee Montana. 

*4, 243, 632 CPA Dei hoe ee Se A O64, Sie wane eee ee ee are ee US 2S eae nce en |e eee ee 1, 113, 218 | Nebraska. 
a as S| see ee Se ae eee se eee ae te ence saee ease EL oe ee ek dons |eeabesacaeen'||o-oscecesees |Kcas aes Sees Nevada. 
ee ee ae Seki See ee 21 285, 75 POO Era eee ee lt ee eee a aes |e Ae See ee oe ers Oe | et 22! eee Now, Eampshire, 

$800, 450 doe tee ABE A MSOF [eee Ts O45; O00) | Meraeenoe hee bee wen epee te 3, 964, 062 | 1,332,500 | 2 404, 023 5, 700, 585 | New Jersey. 
NAG, 42) |Last et LN eh 146 A Bg beeps ees Se Be OU TAO 2h lee ee eee We keene te Ae Se 390, 482 | New Mexico. 

Lal ie Baosi UPY. yf7 (| |e SSeS Ned ae ee ily GobAa68 Be fi tee Daa 5 ey ty 20,68 [D200 Soa, | pee Seen een bere eee eye eee 58, 526, 852 | New York 25. 
We 626 20 |e se ee De eee 6,623, 290M tree TER nee lek” i Gh pall Ais Ml be Ca 1, 757, 462 | North Carolina. 

COL: O42) (ee es ee ee WOU OaD: ieee eee rs LO eee ae te A SS 28 905, 000 905,776 | North Dakota. 
2% *29, 506,475 | 304,920,445 |-___..____. BP AS5. 020 We wae Re ne ee ees 9, 487, 003 | 31 239, 630 9, 726, 633 | Ohio. 

#4. (890, 800" | owes Re et ee ee AS00809 Meee ee = OULZOM Ee eaeee. aie Cees ee Fe: 32 3, 490, 778 3, 494, 006 | Oklahoma 
15600; 000 | ate ee eee af crema eee 1, 600, 000 PAO Ua hee a Pe | OO AE ele fe ae ed ee eee ee eee Oregon. 
*8, 345, 374 LES AIO ls Se oa 9, 463, 784 89, 883 1, 032 0 | O8G8 260) feewrnn ea Le 3473, 744 5, 161, 045 | Pennsylvania. 

see ose eee lhe ee Se ells See es a ae ee a ee a eee ee (eye Yards Oil Se Ss Se ee eee ee 671,750 | Rhode Island. 
T1352; C845] Seer ee eres te ae es IR G52, CS4ii ess a eee SO MAO SSO uly. peta reel Ree ee Sale SSL Se ie 140, 880 | South Carolina. 
A50S0; 1025 Res Sere Sh Pe 1, 030, 101 80, 000 ga te ig: Da | ee Be oe a en eee 36 2, 242, 176 2, 356, 601 | South Dakota. 
ANS 2: OS eee ae ees pee eee ae ae (rea PLOY betel Wah. gs oy a 76, 646 250) OO0LBeee a= eee 87 2, 330, 824 2, 657,470 | Tennessee. 

SOE S00 149 4 ones aie 292 =| aoe (Utes! al Bs a le ig ay a | a eo (eee 8,290; 061 aes ease F 8, 290, 061 Gees 
ae ee ee eee |p aee oe | See oe ee oma ee |e oe nf eee aeee os Sas eet ean Lele 5 cass tah. 

152005 OS6n seawater | eee ae a dh PT ONTOS nn atnees, Sa Ae esl (lS ee alae, TA ea aa el bee age Ge ee (es Vermont. 
581651701700): | Seem is | OR ae eRe Bie 70"'790r | Seana CT yl Re pe Ee | NE Oe Pa 39 2, 352 28, 849 | Virginia. 
*6, 523, 604 O04 -pIN te SIO STE | eG BOT, 408 |S or ecaoe ta |i nao. gona ee Cpe dl tea eee bars aes 825, 287 | Washington. 
US Sab dil re ee ee ee 885, 275 SZ OU oh eee oe eee lee eta econ nese ae: 2,392 | West Virginia. 
5, 667, 153 SIS cous | aeen ae toe 6, 485, 504 LS Wot SH Ife NEE eee I | Oa ee ee 5, 089, 317 | Wisconsin. 
OO TSO (aloes tae eee | cee ee a noe BOTS 2O Tee er ee ren es ete es | ere re Pe a Se at eet See Bo ee ce Wyoming. 

Cee poe ees 21662, O02 eae oe ee 2, 572, 002 BO LA aon pee ee oe ae eerste not ono ee eee 914, 543 | District of Columbia. 

207,716,365 | 22,707,704 |! 7,709,748 | 238, 133,817 | 1,269,380 | 86, 657,644 | 16,924, 803 | 30,773, 143 | 12,786,619 | 147, 142, 209 Total. 

22 Includes $5,391,424 temporary loan to general fund for relief. 
23 For service of institutional construction bonds, $434,468; Department of Commerce and Navigation, $90,000, less credit for excess allocations in 1934, (—) $120,445. 
24 To State general fund, $146,412; to county general funds, $244,020. 
2 Appropriations out of general fund for highway purposes have been credited against payments of motor-fuel tax and motor-vehicle fees to the State general fund 

and prorated in proportion to net receipts not otherwise dedicated. 
26 To State general fund after crediting appropriations for highway purposes, $52,828,892; New York City general fund, $5,697,960. 
27 For county roads under State control. 
28 To real estate bond and interest fund, $900,000; Bureau of Criminal Identification, $5,000. 
2? Law provided for partial diversion of county and township allotments to general funds. Amounts so used not reported separately. 
30 Allotment from motor-fuel tax only. Municipal allotments from motor-vehicle fees not reported separately in 1935. 
31 For hospitalization of indigent persons injured in motor-vehicle accidents. 
32 For service of general State debt. 
33 In computing adjustment, amounts loaned to general fund for relief purposes in 1934 and 1935, $7, 340,000, have beer included in the undistributed balances. 
34 For aircraft landing fields, $49, 845; cooperative work, other departments, $23,899. 
35 To State general fund, $133,605; to counties and cities, $7,275. 
36 For payments on real-estate bonds. 
37 Service of general-fund bonds, $2,116,489; Great Smoky Mountain Park bonds, $211,649; aviation projects, $2,686, 
38 For county roads under State control in all but three counties, $5,944,322; transferred to remaining three counties, $226,168. 
39 For aviation purposes. , 
40 Debt service charges on $10,000,000 emergency relief bond issue prorated in proportion to allotments for State highways, local roads, and nonhighway purposes. 
41 To cities. 
42 Includes $1,509,671 to State general fund and $3,579,646 to towns, cities, and villages in lieu of personal-property tax formerly imposed on motor vehicles. 
43 To District of Columbia general fund 
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5 cents. 
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Expenditures. 15 cents. 

Highway Bond Calculations. 10 cents. 
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from the Bureau of Public Roads upon request. They cannot 
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SEPARATE REPRINT FROM THE YEARBOOK 

No. 1036Y .. Road Work on Farm Outlets Needs Skill and 
Right Equipment. 

TRANSPORTATION SURVEY REPORTS 

Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 

Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 
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Report of a Plan of Highway Improvement in the Regional 
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of Pennsylvania (1928). 

Report of a Survey of Traffic on the Federal-Aid Highway 
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A complete list of the publications of the Bureau of Public 
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important articles in Pustic Roaps, may be obtained upon 
request addressed to the U. S. Bureau of Public Roads, Willard 
Building, Washington, D. C. 
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